
istralia 40c 
;w Zealand 35c 
>uth Africa 30c 
lodesia 3/- 
ist Africa 3/00 
esi Africa 3/- I 
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10 WATT MONOLITHIC 
INTEGRATED CIRCUIT 
AMPLIFIER AND PRE-AMP 



the world's most advanced high fidelity amplifier 


The Sinclair IC-10 is the world's first monolithic integrated circuit 
high fidelity power amplifier and pre-amplifier. The circuit itself, a 
chip of silicon only a twentieth of an inch square by a hundredth of an 
inch thick, has an output 5 watts R.M.S. (10 watts peak). It contains 
13 transistors (including two power types), 2 diodes, 1 zenor diode 
and 18 resistors, formed simultaneously in the silicon by a series of 
diffusions. The chip is encapsulated in a solid plastic package which 
holds the metal heat sink and connecting pins. This exciting device 
is not only more rugged and reliable than any previous amplifier, it 
also has considerable performance advantages. The most important 
are complete freedom from thermal runaway due to the close thermal 
coupling between the output transistors and the bias diodes and 
very low level of distortion. 

The IC-10 is primarily intended as a full performance high fidelity 
power and pre-amplifier, for which application it only requires the 
addition of such components as tone and volume controls and a 
battery or. mains power supply. However, it is so designed that it 
may be used simply in many other applications including car radios, 
electronic organs, servo amplifiers (it is d.c. coupled throughout) etc. 
The photographic masks required for producing monolithic I.Cs are 
expensive but once made, the circuits can be produced with 
complete uniformity and at very low cost. It also enables us to cover 
every IC-10 with the Sinclair guarantee of reliability. 


■ SPECIFICATIONS 

Output 10 Watts peak, 5 Watts R.M.S. continuous. 
Frequency response 5 Hz to 100 KHzildB. 

Total harmonic distortion Less than 1% at full output. 
Load impedance 3 to 15 ohms. 

Power gain 110dB (100,000,000,000 times) total. 
Supply voltage 8 to 18 volts. 

Size 1 x 0.4 x 0.2 inches. 


Sensitivity 5mV. 

Input impedance Adjustable externally up to 

2.5 M ohms. 


■ CIRCUIT DESCRIPTION 

The first three transistors are used in the pre-amp and the 
remaining 10 in the power amplifier. Class AB output is 
used with closely controlled quiescent current which is 
independent of temperature. Generous negative feed¬ 
back is used round both sections and the amplifier is 
completely free from crossover distortion at all supply 
voltages, making battery operation eminently satis- 

■ APPLICATIONS 

Each IC-10 is sold with a very comprehensive manual 
giving circuit and wiring diagrams for a large number of 
applications in addition to high fidelity. These include 
stabilised power supplies, oscillators, etc. The pte-amp 
section can be used as an R.F. or I.F. amplifier without 
any additional transistors. 


IC.10=59f« 

POST FREE 




SINCLAIR RADIONICS LIMITED 
22 NEWMARKET ROAD CAMBRIDGE 
Tel. 0223-52731 
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Z.30 


THE WORLD'S LOWEST DISTORTION 
HIGH FIDELITY AMPLIFIER. 


For four years, the Sinclair Z.12 dominated the constructor world, being the best 
selling unit of its kind this side of the Atlantic. Excellent as it was, the new Sinclair Z.30 
is still better. Half the size of the Z.12, it has more than twice the power, very much 
greater gain and a level of distortion 50 times lower. This incredible figure results from 
using over 60dB of negative feed back with a constant current load to the driver stage 
obtained by incorporating a two transistor circuit in place of the more usual boot¬ 
strapping. 9 silicon epitaxial planar transistors are used to provide enormous power; 
up to 20 watts RMS sine wave (40 watts peak). The circuitry of this marvellous 
amplifier allows it to be operated from any voltage from 8 to 35 to perfection. At all 
output levels, distortion is only 0.02%. This puts true laboratory standards into the hands 
of every user of a Z.30. Two Z.30s and a new Stereo Sixty will make a stereo assembly 
of such perfection that it could not be bettered in its class no matter how much you 
spent. But the Z.30 has an enormous variety of applications, particularly where quality, 
precision and reliability are essential. It can also be used entirely on its own as an 
amplifier for an efficient economy record player. 

APPLICATIONS 

Hi-fi amplifier; car radio amplifier; record player amplifier fed directly from pick-up; inter¬ 
com; electronic music and instruments; P.A.; laboratory work, etc. Full details for these 
and many other applications are given in the manual supplied with the Z.30. 



SPECIFICATIONS 

Power output—15 watts R.M.S. into 8 ohms 
using a 35V supply: 20 watts R.M.S. into 
3 ohms using a 30V supply. 

Output—Class AB. 

Frequency response—30 to 300,000 Hz 
IdB. 

Distortion—0 02% total harmonic distortion 
at full output into 8 ohms and at all lower 
output levels. 

Signal-to-noise ratio—better than 70dB 
unweighted. 

Input sensitivity—250mV into 100kn. 
Damping factor—>500. 

Loudspeaker impedances—3 to 15 ohms. 

Power requirements—From 8 to 35V d.c. 
(The Z.30 will operate ideally from batteries 
if required.) 

Size—3i>;2i^i inches. 


Built, tested and 
guaranteed, with circuits 





SINCLAIR RADIONICS LIMITED 

22 NEWMARKET RD., CAMBRIDGE Tel: 0223 52731 
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STEREO SIXTY 

PRE-AMP&TONE CONTROL UNIT 



Ready built, tested and 
guaranteed with 
instructions 


£9.19.6 




This attractive and completely new unit is intended for use with two new 
Z.30 amplifiers to provide the finest possible standards of stereo reproduc¬ 
tion. Four press buttons and four rotary controls are used to provide on-off, 
three input selectors and Volume, Bass cut/boost, Treble cut/boost and 
Stereo balance. The on-off button also switches the power amplifiers. The 
front panel in brushed aluminium is flush mounted to the cabinet front, it 
being necessary only to drill holes to accommodate the controls. Rear 
adjustable brackets hold the chassis tight to the cabinet. The very latest 
ganged rotary controls are used to afford compactness and extra long 
working life free from noise. / 

The Stereo-60 may also be used with 21C-10's or any other high perform¬ 
ance amplifiers. 

SPECIFICATIONS 

•Input sensitivities—Radio—-up to 
3mV Magnetic Pickup—3mV: correct 
to R.I.A.A. curve ± IdB; 20 to 25,000 
Hi. Ceramic Pickup—up to 3mV: 

Auxiliary—up to 3mV. 

•Output—1 volt. 

•Signal-to-noise ratio—better than 
70dB. 


•Channel matching—within IdB. 
•Tone Controls—TREBLE 15 to 

—15dB at 10 KHz: BASS 15 to 
—15dB at 100 Hz. 

•Power consumption 5mA. 

•Front panel—brushed aluminium 
with black knobs and controls. 
•Size 84x11x4 inches. 


PZ.5 POWER SUPPLY UNIT 

A new heavy duty mains power supply unit designed specially to drive 
two Z.30s and a Stereo Sixty. New compact design. 

For AC Mains, 200-240V/50Hz. £4.19.6 


USE THIS COUPON FOR Z.30, STEREO 60 AND P.Z.5. 

Q.16 LOUDSPEAKER AND MICROMATIC ON NEXT PAGE 


pb!““““ cTTtD.. 2 

j Please send 

Newmarket rd.. cambridg^ 

NAME . | 

1 

ADDRESS . | 

! For which 1 enclose cash/cheque 

1 money order 

.r. 

.PE 170 | 
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SINCLAIR 


Q.16 

new elegance in an 
outstanding loudspeaker 

All the superb features which went to make the 
Sinclair Q.14 have been incorporated in the new 
Q.16 which gives an exciting new opportunity for 
you to match your Sinclair equipment with modern 
decor. Employing the same well proven acoustic 
system in which materials, processing and styling 
are used in such a radical and successful departure 
from conventional design, the new Q.16 presents 
an entirely new appearance with its attractive teak 
surround and all-over special cellular foam front 
chosen as much for its appearance as for its 
ability to pass all audio frequencies without loss. 
The Q.16 is compact and slim. Its new styling 
makes it eminently suitable for shelf mounting, 
but it is no less versatile than its famous pre¬ 
decessor. Listen to a pair of Q.16s in stereo ana 
marvel at the standards of quality and clarity they 
give. 



The Q.16 will handle loading up to 14 watts 
R.M.S. and presents an 8 ohm impedance to 
the amplifier output. Frequency response 
extends from 60 to 16,000 Hz. with exceptional 
smoothness. A specially designed driver 
system is used in a sealed and contoured 
pressure chamber to ensure good transient 
response at all frequencies. Size: 9J" square 
x 4f" deep from front to back. 


£8.19.6 

POST FREE 


SINCLAIR MICROMATIC 



Considerably smaller than an ordinary box of 
matches, this is a multi-stage A.M. receiver 
meticulously designed to provide remarkable 
standards of selectivity, power and quality. 
Powerful A.G.C. is incorporated to counteract 
fading from distant stations; bandspread at higher 
frequencies makes reception of Radio 1 easy at all 
times. Vernier type tuning plus the directional 
properties of the self-contained special ferrite 
rod aerial makes station separation much easier 
than with many larger sets. The plug-in magnetic 
earpiece which matches exactly with the output 
provides wonderful standards of reproduction. 
Everything including the batteries is contained 
within the attractively designed case. Whether you 
build your Micromatic or buy it ready built and 
tested, you will find it as easy to take with you as 
your wristwatch, and dependable under the 
severest listening conditions. 

SINCLAIR GENERAL GUARANTEE 


USE THIS COUPON FOR MICROMATIC AND Q.16 ORDERS 


To : SINCLAIR RADIONICS LIMITED, 
CAMBRIDGE 

P/ease send 


NEWMARKET ROAD, I 

NAME . . I 


Should you not be completely satisfied with your purchase 
when you receive it from us, return the goods without 
delay and your money will be refunded in full, including 
cost of return postage, at once and without question. Full 
service facilities are available to all Sinclair customers. 



| money or 


enclose cash/chequel 


| SINCLAIR RADIONICS LIMITED 

I 22 NEWMARKET ROAD 
PE 170 | 

_! CAMBRIDGE Tel. 0223 52731 
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a free copy 




SfHEIr 3 *’ 

on approval with money back 
guarantee if not satisfied. 
CARBIC LTD. (Dept. PE26) 

54 Dundonald Road, London, S.W.19 
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LASKY’S EXCLUSIVE 

METER KITS 




| LASKY’S PRICE 85/- pq»3/* | 


MODEL 5025 



LASKY’S PRICE 




SL.55 

4-speed autochanger 
with stereo cartridge 



diamond cartridge .. 


SRP&B Battery model less 
cartridge. 17 16 

TRANSCRIPTION DECK 401 £28 10 


| GET YOUR LASKY’S AUDIO-TRONICS PICTORIaT " 


EXPERIMENTAL AND 

EDUCATIONAL CIRCUIT SYSTEM 









| LASKY’S PRICE £7.2.6 p.,.3,6 


SPECIAL HI-FI OFFER 

AH AAK STEREO 
ML/-OUIX MAGNETIC CARTRIDGE 

The famous AUDIO DEVELOPMENT AD-86K high 
compliance stereo magnetic cartridge now at our ‘'all time . 

i 

10° r x ^"•e'm’/dyne D rrTqMncy P Mw' U8 ‘ffloKH* 
presaure Standard "to nnrantin? ""(Re* 

lirtSiS 'JSt aT “ i,able ' ) I>on ' t ral8s thls sreat chl 


I SPECIAL PRICE 69/6 p°« | 

| Replacement diamond stjlus EN308 89/8. 2 / 6 | 

SKVROUERIRRII 



COMMUNICATION 

RECEIVER 


wR^main g j rey j Cra ^j k | e ^ith anodised sHver froiit'pnnd. Sf^^Jili.^Cor 


aasr* £ 13 . 13.0 *■ 
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new foster 


“Criterion” Mk II 


2 SPEAKER TWO WAY BOOK; 
SHELF SPEAKER SYSTEM 


using 5 Jin bass/mid-raj 


^wiTSTd 


•Criterion” it 



gg” £9.10'-?,. £17.10'- 


TTC ; MODEL t Cj1 000. 

Operated on one peidight cell. Two colour buff/greenaise—size only |iS 

| LASKY S PRICE 39/6 

i Po.f.*/e 

TTC MODEL C-1051 

Single*posithc click-in, recessed selection switch 
spec!* AX? B< vol»s: 0 8 -6-30-300-12oSv n a’t 10/K/ 
ohms/V. D.C. volts: 0-3-15-150-300-1-2KV at 
20K/ohms/V. Resistance: 0-60K-6megs. D.C. 
curren^: J-60jA*300mA. Decibels^ -20dB^to 

Complete with test leads and battery. Original list pt 

f «v| 

| LASKY S PRICE 75/- 

□ 

TMK PL-436 

600V at20K/O.Rv’. A.C.'/v tanqes: 3^ 3(U20,’ GOOV^at 1 X \ 

8K/O.P.V D.C. current: 50/zA, 0 6, 60, 600mA. | ;/ 

(65* 650, C 6 ; 5K and 65K ohms centre BcZle)"* DeciEsI 

UTt^tteri^ 41^2 Jim" Complete 

| LASKYS PRICE £6.19.6^^^^ 


SCOOP! 


THE 

WORLD'S 
SMALLEST 

6 TRANSISTOR TWO WAVEBAND RADIO 
RECEIVER 


THE 

Astrad 

ORION 



rphone**supports* and attractive black and ivory^ plastic^ prcsentetion/carrying ^ 
idSdgKtM 

LASKYS 
PRICE 

•HOTE: The bitten we mpplj with the Orionii • 

I Tillable enabling; Ton to re-charge the batten from 

PRICE 19/6 extra. Post free with radio-otherwise 21- 


jviding a constant source ol enjoyment wnnout qisiutdi 

ONLY 39'6 


Pott 2/6 
rechargeable 
battery 3/6 


MIDLAND Model 10-502 VHF 
AIRCRAFT BAND CONVERTER^ 





NEW INTERNATIONAL TAPE 

FAMOUS AMERICAN MADE BRAND TAPE at RECORD LOW PRICES 


31in Triple play, 600ft Mylar 
I 4in Triple play, 900ft Mylar 
Sin Long play, 900ft Acctat 
I Sin Triple play, 1,800ft Myl 
| 5|in Double play, 1,800ft Mj 


Tin Standard play, 1,200ft Mylar 1 
Tin Long play, 1,800ft Mylar . . . 1 
Tin Double play, 2,400ft Mylar . 2 


. Special quotes for quantities 

■ NEW BUDGET PRICED CASSETTES 
from the U.S.A. 

| C.60-7/6 (6—42/6) C.SW-12/6 _ (6 -70/0 ^ ^C. 120-17/6 


T - .*aslty s Radio Limited 

Branches High Fidelity Audio Centres * 

207 EDGWARE ROAD. LONDON. W.2 Tel. 01 723 327 1 42 . 4 5 TOTTENHAM CT. RD.. LONDON. W.1 Tel.;01-580 2573 j 

33 TOTTENHAM CT. RD., LONDON, W.1 Tel.: 01-636 2606 Open an day. 9 a.m.-6 p.m. Monday .0 Saturday 

152/3 FLEET STREET, LONDON, E.C.4 * Tel : 01-353 2833 118 EDGWARE MAD, LONDON. W.2 ^ Tel 01-723 9789 

ALL MAIL ORDERS AND CORRESPONDENCE TO: 3-15 CAVELL STREET, TOWER HAMLETS, LONDON. E.1 


PflW* 

Tel.: 01-790 4821 
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The International Sound of the 70's 



IS THE HEATHKIT COMPACTS' 
AND LOUDSPEAKERS 

The Fabulous Stereo "Compacts", Models 
AD-17 and AD-27 are setting the pace in 
hi-fi for the 1970s. They offer outstanding 
value and performance. 

The AD-17 comprises a BSR MA-65 turntable/ 
Shure M44-MB magnetic cartridge and a 10 watt 
(R.M.S.) per channel stereo amplifier—all 
mounted on a teak or walnut plinth. Total kit 
price, £54. carr. 13/-. 

The AD-27 is similar but uses the MA-70 
turntable and includes an F.M. stereo tuner. In 
this case the "plinth" is better described as a 
small cabinet. It has the additional feature of 
a “roller shutter" lid and is available in teak or 
walnut. Total kit price, £82. Carr. 13/-. 

Heathkit offer many excellent loudspeaker 
systems. The new "Ambassador" Hi-Fi Loud¬ 
speaker is winning many friends. Its cabinet is 
supplied ready assembled and finished in 
selected teak or walnut veneers to harmonise 
with other current Heathkit hi-fi equipment. It 
uses three loudspeaker units, a 12in bass, 5in 
mid range and a 1 in dome pressure tweeter. 
Excellent value at £29.16.0. Carr. 15/-. 

The complete Heathkit Hi-Fi range of stereo 
amplifiers, tuner/amplifiers, F.M. tuners, stereo 
"compacts”, loudspeaker systems and 
ancillary hi-fi equipment are all described and 
illustrated, many in full colour, in a wonderful 
free catalogue. 


11 


Telephone: GLOUCESTER 2945 

Practical Electronics January 1970 















LIND-AIR OPTRONICS LTD 
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LIND-AIR OPTRONICS LTD 


See our vast range of 
Electronic Components 
and Accessories 
at our enlarged 
Component Centre 
25 Tottenham Court Road 



See and hear the Lind-Air Audio "Compact" now at London's Newest Hi Fi 
Store—All leading names in stock plus Expert Advice, Hi Fi and T.V. 
Demonstrations, Part Exchanges, Mail Order and Export Sales. 



Scientific Show of 
Microscopes, Binoculars, 
Telescopes and Watches at 
18/19TottenhamCourt Road 


LIND-AIR OPTRONICS LTD 

18/19, 25 8. 53 TOTTENHAM CT. ROAD, LONDON W.l. 

Telephone: 01-580 2255/4532/7679 
Shops open 9-6 pm. Monday to Saturday. Thursday until 7 pm. 





















(MW! A FAST EASY WAY 
TO LEARN BASIC RADIO 
AND ELECTRONICS 




Build as you learn with the exciting new 
TECHNATRON Outfit! No mathematics. 

No soldering—but you learn the practical way. 

Now you can learn basic Radio and Electronics at home—the 
fast, modern way. You can give yourself the essential technical 
‘know-how’ sooner than you would have thought possible— 
read circuits, assemble standard components, experiment, 
build . . . and enjoy every moment of it. B. I.E.T’s Simplified 
Study Method and the remarkable new TECHNATRON Self- 
Build Outfit take the mystery out of the subject—ipake learn¬ 
ing easy and interesting. 

Even if you don’t know the first thing about Radio now, 
you’ll build your own Radio set within a month or so! 

. . . and what’s more, A 14-year-old could under- 

YOU’LL UNDERSTAND stand and benefit from this 


EXACTLY WHAT YOU 
ARE DOING. The Tech- 
natron Outfit contains every¬ 
thing you need, from tools to 
transistors . . . even a versatile 
Multimeter which we teach 
you how to use. You need 
only a little of your spare 
time, the cost is surprisingly 
low and the fee may be paid 
by convenient monthly instal¬ 
ments. You can use the 
equipment again and again— 
and it remains your own 
property. 

You LEARN-but it’s as 
fascinating as a hobby. 

Among many other interest¬ 
ing experiments, the Radio 
set you build—and it’s a good 
one—is really a bonus; this is 
first and last a teaching 
Course. But the training is as 
rewarding and interesting as 
any hobby. It could be the 
springboard for a career in 
Radio and Electronics or 
provide a greht new, spare¬ 
time interest. 


BRITISH INSTITUTE OF 
ENGINEERING TECHNOLOGY 

Dept. 371B, Aldermaston Court, 

Aldermaston, Berkshire. 


Course—but it teaches the 
real thing. Bite-size lessons— 
wonderfully clear and easy to 
understand, practical projects 
from a burglar-alarm to a 
sophisticated Radio set . . . 
here’s your chance to master 
basic Radio and Electronics, 
even if you think you’re a 
‘non-technical’ type. And, if 
you want to carry on to more 
advanced work, B.l.E.T. has 
a fine range of Courses up to 
A.M.I.E.R.E. and City and 
Guilds standards. 

Send now for free 1 64-page book. 
Like to know more about this 
intriguing new way to learn 
Radio and Electronics? Fill 


i the c 




today. We’ll send you full 
details and a 164-page book 
—‘ENGINEERING OP¬ 
PORTUNITIES’-Free and 
without any obligation. 


164 

pages 

mw 



| To: B.l.E.T., Dept, 3716, ALDERMASTON COURT, 1 
| ALDERMASTON, BERKS. 

I I would like to know more about your 

Practical Radio & Electronics Course. Please I 
send me full details and FREE 164-page book, ■ 

S name.! 


Qdl bert 

WORK POSITIONERS 
-300 SERIES 






Colbert Pana-Vise work positioners are specifically designed 
to quickly and easily achieve the most convenient, comfortable 
and time-saving work position. 

Available with vacuum clamp or screw-on base. 

They can be rotated, tipped, tilted, angled, elevated, 

The required work position is firmly secured with a patented 
one-knob control, a unique feature of Colbert Positioners. 

A series of special holders is available for various types of 

Full details available on request. 

Distributors: 

SPECIAL PRODUCTS DISTRIBUTORS LTD. 

81 Piccadilly, London. W.l. Tel. 01-629 9556 Cables: Spec,prod London 


NEW COMPONENTS 

BY RETURN OF POST 

RESISTORS 

High stability carbon film. Very low noise. 0-5 watt 5% 4 7 ohms to 2 \ 

2d each. 0 5 watt 10% 4-7 ohms to I0MO 2d each. 

DEVELOPMENT PACK ^ ^ ^ ^ ^ 

4 WATT WIRE WOUND RESISTORS 1/6 each. 

S^'lO^fs! 2b, 2 M, SO.’ uS* ohms.' 6 ’ 6 '°‘ 6 ' 8 ' ®' 2 ° hmS 

MULLARD POLYESTER CAPACITORS -10% 

S-ZfJm. 0 0068 ' <F ' 0 0 
o, " F ' 1 

250V: P.C. mounting miniature + 20%: OOluF, 0015/tF, 0022/tF. 003 
0-047/iF, 0-068/iF, «d. 0-1 jzF, 0-15**F, 0-22/iF. 7d. 

MINIATURE ELECTROLYTIC CAPACITORS (-10% +50%) 

,50/aF 6-4V |0#xF 10V I25 mF 10V AOuF 16V 8/iF 

I OOit F 6.4V l6ft.F OV ?nn,,F inv lev ia,,c 




320/xF 6-4V 25/xF I0V I6*/F 

6-4*iF 10V 64/LtF 10V 25/xF 

250aaF 16V 1/6. IOO/xF 40V l/i."* e ’ 

CERAMIC DISC CAPACITORS 
lOOpF, 270pF, 470pF, 680pF, 5d each. 

0 02/zF, 800V, 8d each. 

SKELETON PRE-SET POTENTIOMETERS 

Hor^rft^ moSn^^l mat+xH/ ea 

DIODES—OA85, OA9I, 1/6 each. 

SILICON RECTIFIERS 


VEROBOARD 


ip 3/6 ea 




YATES ELECTRONICS (flitwickj LTD. 
29 LYALL CLOSE, FLITWICK, BEDS. 
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PREMIER RADIO 







































... or any day you please (Sundays included)—any time of day or night. Your 
message will be received loud and clear. Even if we are not there “live” at the 
other end of the line, our telephone recording machine will take your message for 
us to deal with as soon as we are back on the job. If your message is a fat order 
we’ll be delighted. If it’s just a teeny weeny order we’ll still be delighted. 

This “order-by-phone” facility is just one of the many advantages offered by our 
new CREDIT ACCOUNT SERVICE. Here are a few more advantages— 

Order forms and prepaid envelopes are provided, so if you want to order by post, you 
don’t even have to find a stamp. To settle your account you need only one cheque, postal 
order or money order per month. Normally on credit accounts there is a minimum 
invoice of 30/-, but we stipulate no minimum. 

Of course, this Credit Account Service is available only if you are already using our 
catalogue for ordering components, but after you have been in the service for 12 months 
we regularly send you an up-to-date catalogue FREE of charge. 

Like to know more about this trouble-saving, money-saving service? Then drop us a 
line or give us a ring, 01-648 8422. 

You should certainly have an up- 
to-date copy of the Home Radio 
Catalogue even if you do not 
intend to use our Credit Account 
Service. It’s a must for every Radio 
and Electronics enthusiast. It has 
350 pages and lists 8,000 com¬ 
ponents, over 1,500 of them 
illustrated. Moreover, it contains 
6 vouchers, each worth I/- when 
used as indicated. Give yourself a 
Christmas present this year. Post 
the coupon with 12/- (8/6 plus 3/6 
post and packing) and we’ll send 
your catalogue by return of post. 
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THIS MONTH 


DISPELLING THE MYSTIQUE 

C urrent affairs commentators make free with 
colourful phrases concerning “this age of elec¬ 
tronics.” These evocative declamations are apt, and 
correct. Yet there are signs that some of the original 
lustre has worn off the image this well exposed branch of 
contemporary technology conjures up in the public’s mind. 
While without a doubt a mystical aura still surrounds the 
subject, following upon many demonstrations of its 
efficiency and versatility in providing all manner of 
services in everyday life, electronics seems to have become 
accepted as the modern marvel—with an answer to most of 
the problems encountered in this increasingly complicated 
and highly organised world. News of further striking 
technical advances tends to be received passively, as 
though the public has been conditioned to expect these as 
perfectly natural happenings—though the manner in 
which they are achieved is not understood. The wonder¬ 
ment of the early days has given way to quiet respect. 

This general deference to a rather mysterious power 
contrasts with the easy familiarity which has been 
developed by technically inclined individuals towards 
electronics. To the uninitiated it may seem hard to 
believe, but without question electronics is an ideal and 
convenient subject for private study and experimentation. 
It is certainly not a subject to shrink from in fear and 
bewilderment—despite its formidable attributes. The 
swing over to solid state and the ensuing miniaturisation 
are, of course, factors of immense practical advantage and 
have been quickly recognised by enthusiasts from all 
walks of life. The component supply situation, apart 
from occasional difficulties with particular “special” items, 
is good and many of the latest circuit devices soon emerge 
onto the retail market. 

Thus while electronics has been making phenomenal 
progress and extending its influence into all areas of 
modern life, the know-how has not remained a closed book 
to all except the professionals. It is open for any private 
person to explore and so experience at first hand much of 
the evolution in components and circuit design which is a 
continuing process in the industry. 

From active home work develops a new and fuller 
appreciation of the potentialities of electronics. The 
informed amateur is not likely to be bamboozled by mere 
words and phrases. He knows the universality of elec¬ 
tronics and sees the future even more dominated by this 
technology. But with knowledge based upon personal 
involvement he can also cut the “monster” down to size; 
to flip-flops, gates, linear amplifiers, phase inverters, and 
all—the very circuit “bricks” he makes and uses himself. 

F.E.B. 
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Of all the semiconductor devices which have become 
generally available to the home experimenter, 
surely the silicon controlled rectifier (s.c.r.), or 
thyristor, is one of the most useful, and, at the same 
time, least appreciated. Transistors of course have 
wide application, but what follows will show that 
thyristors are capable of a multitude of uses, often 
at currents and voltages—and hence power levels— 
well out of reach of transistor circuitry. 


F irst a mention of how orte of the names for these 
devices, the thyristor, is derived. It comes from 
THYRatron transISTOR, and those readers who are 
familiar with the thyratron or gas filled valve will 
recognise much of the properties of the thyristor. A 
proper understanding of these properties is vital to a 
full appreciation of the circuits which follow, and it is 
worthwhile to set down here three basic characteristics. 

BASIC CHARACTERISTICS 

1. A thyristor will conduct in only one direction, and 
when doing so behaves very much as an ordinary 
silicon diode; that is, it exhibits a low resistance and 
hence dissipates little power. 

2. However, in order to conduct it is not sufficient 
that the anode be made positive. For conduction to 
take place, a third electrode, the “gate” (corresponding 
to the grid of a thyratron) must be made slightly 
positive with respect to the cathode. The power 
needed to do this is only a small fraction, a very small 
fraction, of the power it is possible to control, and it is 
this property that can be exploited so well in thyristor 
circuitry. 

3. Even with this positive voltage remo.ved from the 
gate, the thyristor continues to pass current (as 
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mentioned in l above) provided the value of this 
current does not fall below a certain, small, value, 
known as the holding current. A typical holding 
current for a 3A thyristor is 30mA. Should this fall in 
current take place, the thyristor will “block”, the 
current will fall to zero and the re-application of a 
positive gate voltage will be required for conduction to 
start again'. 

PHYSICAL DETAILS 

Thyristors are available with voltage ratings up to 
1,200 volts and current ratings up to 250A—although 
it is not suggested that home experimenters should use 
such high power types! Devices of 400V rating will be 
suitable for mains use and lower voltage ratings such as 
50V to 100 V are satisfactory for battery driven equip- 

The physical construction of a thyristor varies of 
course with the voltage and current it is able to handle, 
and the more usual outlines and connections are as 
shown in Fig. 1. Also depicted is the, circuit symbol 
for. this device. 

Construction (a) is used for lower current devices, 
say up to 2A, while higher ratings usually employ one 
of the other forms. Most popular is perhaps stud 
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mounting (b), since it requires only a single hole to be 
made; (d) is of more recent origin, with thyristors of 
plastic encapsulation now being made. 

TWO MAIN GROUPS OF CIRCUITS 

The three important properties mentioned earlier 
lead to an abundance of thyristor circuits, and it will be 
convenient to classify these circuits into two broad 
groups: 

1. Circuits using d.c. supplies, such as a solid state 
relay, flashers, and battery chargers. 

2. Circuits using a.c. supplies, such as lamp dimmers, 
motor speed controllers (already described in 
Practical Electronics), temperature control, and 
mains lamp flashers. 

In all the circuits which follow component values 
given are not necessarily optimum, but have been 
selected to show the principles involved. 



Thyristors have large spreads in their detailed 
characteristics, notably gate current required for turn 
on, which varies with temperature, and it may be found 
that slight alterations in some resistor values will be 
required. 

However, unmarked devices, advertised in Practical 
Electronics, as well as manufacturers’ type numbered 
products should all work well and experimenters can 
proceed with confidence. Thyristors are tolerant 
devices (provided ratings are not exceeded of course) 
and will be found to be easy to use in the circuits to be 
given. 

A SIMPLE THYRISTOR CIRCUIT 

The simplest circuit which finds practical use is 
shown in Fig. 2. The load can be a lamp or a relay; 
nothing sophisticated is needed for the positive pulse 
shown at the gate, indeed a resistor momentarily 
connected to the positive supply will switch on the 
thyristor. 

Uses for this simplest of all circuits are remote 
operation of a lamp where switch-on at a distance is 
needed and voltage drop in the lamp cable could be 
troublesome, for only the small gate current will be 
required to flow to the remote switching point, and then 



only for a few milliseconds or less. The resistor Rl, 
which should be about 1 kilohm, is required to ensure 
that the thyristor does not switch on spuriously, 
especially at higher temperatures. 

Typical connections for a 100V thyristor are as 
shown, and almost any device of that rating capable of 
carrying 1A will work well, controlling, say, a 12 watt 
lamp. The diode D1 across the load removes any high 
voltage transients present when the current changes, 
which could damage the thyristor. 

The load in Fig. 2 could be a buzzer or bell, and the 
self-interrupted nature of the current through it will 
ensnre that when the gate circuit is opened, buzzer 
operation ceases. Should operation of a buzzer be 
required from a distance, this will enable a lighter gauge 
cable to be used to the operating push or switch, so 
recouping the cost of the thyristor. If desired, a relay 
with a normally closed contact wired as shown in 
Fig. 3 can be substituted for the buzzer. 
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SWITCHING OFF ARRANGEMENT 

To switch off the current .in the load of Fig. 2 it is 
easiest to break the supply; however a useful alter¬ 
native is given in Fig. 4. With the thyristor con¬ 
ducting and hence with its anode at only a volt or so 
positive, Cl charges to almost 12 volts. Closure of the 
switch earths the right-hand side of Cl, and since the 
charge on Cl is unable to change instantaneously, the 
left-hand side of Cl, and hence the thyristor anode, will 
be at about — 11V; this switches off the thyristor. 

A drawback of this circuit is that if the switch is 
left closed, Cl charges through the load with the 
opposite polarity, and hence an ordinary electrolytic 
cannot be used. 

It is possible to use a second thyristor in place of the 
switch, and since it is called upon to pass only the 
current through R3 it can be a low current rating 
device, which will be both more sensitive and cheaper. 



EFFICIENT MOTOR CONTROLLER 

An application of this circuit which should be of 
interest to model control enthusiasts is given in Fig. 5. 

The load is energised when SI is closed and S2 
opened, and de-energised when SI is opened and S2 
closed. If SI and S2 are the contacts of a pair of reed 
relays in the collectors of a multivibrator running at, 
say, 200Hz, variation of the mark-space ratio will 
alter the mean current in the load, which could be a 
drive motor. 

This is a very efficient controller for d.c. to run 
motors, lamps, etc.—there is little power wasted in 
dropper resistors and the use of lightly loaded reed 
relays ensures long life and reliability. 

The control of high current d.c. supplies is thus 
possible where the use of a series transistor would be 
difficult or expensive. This circuit forms the basis of 
control used in fork lift trucks and in experimental 
electric cars. 

BATTERY CHARGERS 

The very name “silicon controlled rectifiers” would 
lead one to believe that such units as battery chargers 
could have their charging rate controlled, and such is the 
case. It is possible to arrange for the charger to be cut¬ 
off when a pre-set battery voltage is reached, so that 
over-charging is impossible. A typical circuit is given 
in Fig. 6, and is admittedly somewhat complex in 
appearance, although straightforward in operation. 

With a discharged, battery, each half-cycle of mains 
input delivers current to the battery via SCR1 since it is 
turned on at its gate via R1 and the diode. As 
charging proceeds, battery voltage rises until the 
potential at VR1 slider exceeds the Zener voltage of 
D4, so causing it to conduct. Its anode therefore goes 
positive, so switching on SCR2 (this latter thyristor is 
not required to carry charging current and can thus 
have a low current rating, which implies that its gate 
triggering will be more sensitive—an advantage here as 
it was in connection with the circuit of Fig. 4.) 

Further charging, giving rising battery voltage, 
means that the point in the half-cycle at which SCR2 
conducts will become earlier and earlier, until eventually 
it takes place before SCR1 has had a chance to turn on. 
With SCR2 conducting, the junction R1/R2 is only just 
above earth, so that SCR1 is unable to switch on; thus 
charging ceases. The battery voltage at which this 
occurs is set by VR1. 

Should battery voltage fall, charging will re-start, so 
making the circuit suitable for those uses where a 
battery is called upon to provide high rate, intermittent, 
short discharges and is left across the charger con¬ 
tinuously. Use of the circuit of Fig. 6 will permit a 
smaller battery to be employed (overcharging would be 
more harmful to a small battery). 

CONTROL OF A.C. SUPPLIES 

All the circuits mentioned up to this point have 
controlled d.c. supplies, but it is in the field of a.c. 
control that thyristors are perhaps most attractive. 

There are two different methods for operating a thy¬ 
ristor in a.c. circuits, these are known as “phase shift” 
and “burst fire” operation. 

In phase shift the thyristor conducts for a certain 
period during every positive half cycle. The point on 
the positive-going waveform at which conduction com¬ 
mences is the controllable factor, and the amount of 
power passed through the load is varied accordingly. 

In burst-fire control the thyristor switching cycle is 
longer, and trains of “whole” pulses are passed. The 
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mark-space ratio determines the length of these trains 
of pulses, and so the ,amount of power consumed in the 
load. 

Phase shift is the easier method so far as the circuitry 
is concerned; it does, however, have certain disadvan¬ 
tages, as will be pointed out in due course. Its use is 
therefore best confined to low power functions, such 
as light control. 

LAMP DIMMING 

Starting with domestic lamp dimming; perhaps the 
only advantage of the gaslight of former decades over 
present electric lamps was the' ease with • which the 
intensity could be readily adjusted! Now, the avail¬ 
ability of cheap thyristors has changed the picture 
dramatically. 1 

If only slight dirpming of, say, a 100 watt lamp to the 
equivalent of a 60 watt lamp is required, then the 
circuit could hardly be simpler—see Fig. 7. 

HALF WAVE CONTROL 

When the line is more negative than the neutral, 
diode D1 conducts and supplies current.to the'lamp. 
On the other half-cycle, with line more positive than 
neutral, the thyristor conducts, starting at a time 
depending on the setting of VR1. This resistor and 
capacitor Cl give a retarded phase shift to the gate 
voltage, so that as VRl increases, the shift increases, so 
delaying turn on of SCR1 in alternate half-cycles. The 
diode D2 prevents the thyristor gate from going more 


negative than the cathode during the half-cycles when 
Dl conducts. As the waveforms in Fig. 8 show, 
delayed turn on of the thyristor gives reduced power in 
the load.. 

The circuit is not critical of the type of thyristors and 
diodes used. Unmarked devices of 400V rating as well 
as Milliard BTY 79-400R have worked well;. Dl 
should be rated at 400V p.i.v. and be capable of 
carrying 0-5A for lamps up to 200 watts, though D2 
need only be of 100 V working and of lower current 
capacity, say lOOm.A. 

With the circuit shown a useful reduction in light 
output is obtained with VRl at maximum resistance, 
but of course no more than a 90 degree phase shift can 
be provided by a simple RC network. If Dl is switched 
out, control down to lower lamp brilliance is possible, 
but since only alternate half-cycles of the 50Hz mains 
are thereby being used, there is an annoying flicker from 
the lamp. 

FULL WAVE CONTROL 

With srightly more complexity and expense, full 
smooth control from full brilliance down to zero 
output is possible and two circuits for this are given. 
Each shows a different approach to the problem, which 
is not perhaps surprising since one circuit is that due to 
Messrs. SGS UK Ltd. while the other originated with 
S.T.C. Ltd. 

Basically, what is required is a means of controlling 
both half-cycles of the 50Hz mains together, in one 
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Fig. 7. Simple lamp dimmer—half 
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Fig. 8. These waveforms show how the thyristor controls 
the power in the load with the phase-shift method of 
operation 
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smooth operation. This is done in one case by using 
two thyristors, each exercising control on alternate 
half-cycles, while in the other a full wave bridge 
rectifier is used to enable one thyristor to control both 
half-cycles. 

Circuits are given in Fig. 9 and Fig. 10. 


TWO-THYRISTOR CIRCUIT 

Dealing with the SGS circuit first, consider that part 
above the dotted line and including the variable 
resistor VR1. Positive going half-cycles at D1 anode 
are shifted in phase by VR1 and C4, but here extra 
phase shift is added by R4 and C3, so giving control of 
SCR1 gate firing over the whole half-cycle instead of a 
maximum of 90 degrees as previously described. 

On the other half-cycle the remainder of the circuit 
behaves in a similar manner, using VR1 as phase shift 
control, and smooth variation of lamp brilliance is 
given from full brilliance to zero output. 


SINGLE-THYRISTOR CIRCUIT 

Turning now to the circuit from S.T.C. (Fig. 10), it 
will be seen that only one thyristor is used, together with 
a full wave bridge rectifier to supply only positive 
voltages to the anode. \ 

If we imagine the thyristor already to be conducting, 
the output of the bridge will be short circuited, but with 
the lamp in series with the mains input it will drop 
nearly all the applied voltage and be at full brilliance. 
Variable delay of thyristor conduction in each half¬ 
cycle will give control of lamp brilliance; this control is 
achieved by charging C2 through R2 and VR1. 

When the voltage across C2 and hence at TR2 
emitter exceeds that at its base by more than about 0-6V, 
TR2 conducts, so passing current to TR1 base and this 
complementary pair of transistors rapidly turns to a 
state of conduction. Thus the positive voltage on C2 is 
suddenly applied to the thyristor gate, so switching it on. 
The point in the half-cycle at which it does so is set by 
the time taken for C2 to charge to the required voltage, 
through VR1. Once again, very smooth control of 
lamp brilliance is given. 


DUPLICATE CIRCUITS 

A variation of this particular circuit (Fig. 10) is to 
put the lamp at X, in the anode of the thyristor and 
apply the mains direct to the bridge. This will give d.c. 
in the lamp, but this is of no consequence. However, 
what is interesting is that duplicate thyristors, each with 
their own control circuits, can be run from the same 
bridge rectifier, each thyristor having a lamp (or other 
load) in its anode circuit. 

By this means a multitude of lamps, for theatrical 
Work, shop window displays and so on can very 
easily be controlled, independently. The bridge must of 
course be of adequate rating, that is, be capable of 
carrying the total lamp current with all lamps at 
maximum brilliance. 

Besides the thyristors quoted in the circuits, un¬ 
marked devices have proved successful in both cases, 
although some slight adjustment of resistor or capacitor 
values may be called for to obtain full control. 

The transistors used should be silicon for low 
leakage, and a variety of types will function well— 
BSY95A, 2N929, 2N3704, BSY27 for the npn; the 
OC200 series and 2N3702 for the pnp have all proved 
suitable. 


RADIO INTERFERENCE 

One important point which should be mentioned here 
is the question of radio interference. Since thyristors 
by their very nature switch on rapidly, many harmonics 
are produced and these may give rise to interference, 
especially if a controller is run from the same mains 
socket outlet as a television or radio, on which a 
pronounced 50 or 100Hz buzz will be heard. 

Some form of suppression is required, and that 
depicted in Fig. 10 is typical, where LI and Cl act as a 
filter, is an example of what could be used. 

The construction of controllers and similar devices 
using circuits such as described here is best carried out 
in metal boxes which can be earthed, thereby reducing 
the radiation of interference, as well as giving greater 
safety. 


AUTOMATIC LIGHTING CONTROL 

Continuous control of lamp output has a multitude 
of uses—porch lights can be run dimmed, to be turned 
up when needed, lights can be turned down for watching 
television, or for parties, and photographers will be 
able to control studio lighting and enlarger lamps. 
Extra lamp life is a useful by-product of under running 
of course. 



Automatic control of lamp brilliance, depending on 
the level of ambient lighting, so that lights come on at 
dusk for example, is a desirable feature, and a modifica¬ 
tion to the circuit of Fig. 10 to carry this out is given in 
Fig. 11. 

With VR1 set for low light output and the light 
dependent resistor (LDR) at minimum resistance, say 
10 kilohm, the transistor TR3 will be cut off, that is it 
will present a high resistance between collector and 
emitter and hence it will hardly shunt VR1. As the 
LDR resistance increases up to about 300 kilohm or 
more with reduction in light level, the transistor 
conducts and shunts VR1, hence switching on the 
thyristor earlier in each half-cycle and turning up the 
lights. A suitable LDR would be cadmium sulphide 
(CdS) type; the transistor can be any ordinary silicon 
npn type, such as a BSY 95A. 

Circuits for switching on lights as the ambient light 
level falls have appeared in Practical Electronics 
before, but that given above has the twin advantages of 
gradual turn on as daylight falls and of being contactless 
—previous circuits have usually used relays. 
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HEATING CONTROL 

Similarly, the LDR could be replaced by a tempera¬ 
ture dependent resistor, or thermistor; the temperature 
of aquaria, chemical solutions and so on will then be 
governed very efficiently. With a suitable thyristor and 
diodes, control of electric room heating is possible. 

Remember that each kilowatt to be controlled will 
pass just over 4A through the thyristor and half that 
amount through each bridge diode; adequate surge 
rating is called for when switching on cold heating 
elements. The higher power thyristors, say 10A and 
upwards, may require larger gate currents than that 
given by the circuits here. 

The circuits so far described use the “phase-shift” 
method of thyristor operation. The next circuit introduces 
a form of “burst-fire” control. 


FLASHING CIRCUITS 

Continuing with a.c. circuits, that of Fig. 12 will 
provide flashes lasting about a quarter of a second, with 
a repetition rate determined by the setting of the 25k H 
potentiometer VR1. With the values and thyristor 
shown, this can be varied from one flash every second 



to one every five seconds. A lower value for R3, say 
4-7 megohms will quicken the rate of' flashing; an 
increase in the value of C2, say to 1/tF, will slow the 
rate to about one flash every nine seconds. 

Flashes lasting longer than the quarter-second noted 
above will be obtained if Cl is increased, say to 64/rF. 
With the potentiometer slider at the lower end a flash 
of about 0-6 second alternating with a space of 0-5 
second gives an effective display, useful for warning 
lights and so on. 

The use of a transistor TR1 in the gate lead of the 
thyristor is worthy of a mention. Connected as shown 
(Fig. 12), with its emitter left disconnected, very little 
current, certainly less than 10/<A, will flow to the 
thyristor gate as long as the voltage across the collectof- 
base junction is fairly small. This low level of current 
is insufficient to switch on the thyristor.' 

As C2 charges, this collector-base voltage rises until 
avalanche breakdown occurs, at around an applied 
voltage of 30 to 35 volts, when the transistor conducts 
suddenly and connects C2, charged to that potential, to 
the thyristor gate. The thyristor immediately conducts, 
discharging C2 for the cycle to repeat. The 100 ohm 
resistor R4 limits the current through the transistor. 

No damage or change of important characteristic has 
been noted in this transistor, which may, in any case, be 
an inexpensive silicon npn such as a BSY 95A. The 
thyristor quoted is a BTY 79400R; an unmarked 
400V 3A device worked also but various samples gave 
slightly varying repetition rates. 


TEMPERATURE CONTROL 

A use for this circuit, besides the obvious one of a 
flashing light for display purposes and so on—without 
moving parts and exposed contacts of course—is the 
possibility of close temperature control; see Fig. 13. 

Replace the 22 kilohm (R2) resistor by a suitable 
negative temperature coefficient resistor, placed in the 
environment to be controlled, say an aquarium. With 
the water cold, the NTC resistor will have a large 
resistance, and the repetition rate of the thyristor firing 
will be high. The thyristor load is, of course, the 
aquarium heater. As the water warms, the NTC 
resistor will decrease in value and the repetition rate will 
accordingly fall, so passing, averaged over some 
seconds, less heat to the water. 

Control of water temperature is thus close and 
perhaps more important, rapid, since the set-up responds 
to NTC resistor changes immediately and continuous 
control is maintained. These are important improve¬ 
ments over an ordinary on-off thermostat, in aquaria, 
plating baths, photographic processing solutions and 
so on. 

A disadvantage is that since the duty cycle of heating 
is no greater than say, 50 per cent, even at maximum 
heat output, a larger heating element is needed. In the 
author’s opinion, it is worth while to gain the 
advantages mentioned; a by-pass switch could put 
continuous heating on if required for rapid warm up 
from cold. 


PHASE-SHIFT v. BURST-FIRE 

The phase-shift method, as described in connection 
with circuits for lamp dimming, can give a certain 
amount of r.f. interference due to the rapid turn on of 
the thyristor sometime during each half-cycle of mains 
input, that is, at a rate of 100Hz. The steps necessary 
continued on page 31 


Practical Electronics January 1970 


23 



















P !E device described in this article can help to locate 
concealed metal, under paving or the earth, under 
floors, or behind walls. The search coil and detector 
are attached to a wooden handle, 'so can be moved 
about over the ground. The maximum distance to 
which a metal object can be located depends on the 
adjustment of the circuit, and also circumstances, such 
as the presence of other metal objects, size of the metal 
to be located, and to some extent on materials which 
may lie between the metal and search coil. 


RANGE 

The range at which detection could be secured was 
up to about 6in from a small metal item such as a coin, 
extending to about 1ft 6in for a metal object having an 
area of about \ sq ft or larger. Long items of small 
width, such as small pipes or wires, can only be detected 
at short range. The kind of metal, and the ability of 
the user to note a small change in tone, also influences 
the maximum possible range. 

Moving the search coil near a large mass of wet 
earth changes the tone, but a manual control allows 
adjustment for this. In such circumstances the search 
coil should be moved at a uniform distance from the 
ground, or regularly in contact with it. 


DETECTOR CIRCUIT 

Two r.f. transistors are used in a heterodyne circuit 
(Fig. 1) with a further transistor as an audio amplifier. 
LI is the search coil, with collector and base tappings, 
and tuned by the fixed capacitor C4. 

The second oscillator is built around a cored coil 
L2. The frequency is initially set by adjusting the core 
and trimmer VC1. The circuit can then be tuned over a 
narrow band by the manual control VC2. 

The r.f. output from TR1 and TR2 is coupled to the 
detector D1 by small capacitances C2 and C7. TR3 
provides audio amplification, with base bias secured by 
the rectified signal through Dl. 

The coils LI and L2 are each tuned to about 550kHz. 
When LI and L2 are operating at the same frequency, 
no beat note is produced, or heard in the phones. The 
presence of metal near the large search coil LI detunes 
its frequency, producing a heterodyne beat heard in the 
phones. The change of frequency increases as the 
metal object is approaching the coil, and falls as the 
distance between coil and object grows larger again. 


SENSITIVITY 

For most sensitive results, VC2 is tuned so that a low 
audio tone is heard with no metal near LI. The tone 
then changes when metal is approached. If both tuned 
circuits are set to exactly the same frequency to begin 
with, “pulling” of one circuit by the other reduces 
sensitivity. This effect can be made less serious by 
reducing the values of C2 and C7, but volume then 
becomes rather low. It is thus better to work with a 
constant tone. 

The gain of the audio amplifier has no bearing on the 
range of detection, but boosts detector output to a 
suitable level. The single audio stage was found 
sufficient, using 4,000 ohm headphones. 


ASSEMBLY 

The detector is wired on an s.r.b.p. panel which 
should fit in a plastics box (Fig. 2), 7in x 4}in x ljin 
deep. 



Top left—the search coil; top right—the headphones; 
bottom—the electronic detector 
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0 0005 mFd TUNING CONDENSER 


SLIM TUBULAR MICROPHONE 



750 MICRO AMP MOVING COIL 
METER 


HIGH CAPACITY ELECTROLYTICS 




INTEGRATED CIRCUIT F.M. TUNER 
KIT 


Dart Electronics has been appointed by General Avionics Limited as their U.K. distributor for 
their FM Tuner kit, the first to use integrated circuits with pulse counting techniques developed 
by Marconi-Elliott Microelectronics. 

The circuit has built-in automatic frequency control, and with the inherent stability of the inte¬ 
grated circuits, a reliable and easily set up circuit is offered to the home constructor in kit form. 
A resistively tuned version is in widespread use as an industrial radio system and is noted for 
its extreme reliability under continuous, unattended operation. The circuit employed effectively 
contains 44 transistors and, although the quantity of discrete components is fairly high, the 
entire unit is built on a double-sided board measuring 133 x 98-5mm (3-875 x 5-25in). The 
Tuner can be run off a 12V d.c. power supply or a combination of 6 and 12V batteries. 

All components are available BY POST ONLY from Dart Electronics at a special kit price of 
£9 19s 6d plus 5/- post and packaging (U.K. & N. Ireland) which includes selector switch and 
double-sided p.c. board ready drilled and tinned. The kit is complete with all necessary circuits 
and instructions. 

Full assembly details, circuit diagram and parts list are also available separately from Dart 
Electronics at 2/6 per copy and an article appeared in the June issue of the WIRELESS WORLD 
magazine. 


DART ELECTRONICS 


P.O. BOX No. 47, WITHAM, ESSEX 
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Fig. I. The com¬ 
plete circuit 
diagram of the 
metal detector 



Resistors 
Rl 56k Q 
R2 lOkil 
R3 2-7kO 
R4 56k Q 
R5 lOkO 
R6 2-7kO 
R7 I0k£2 

All ±10%, *W carbon 

Capacitors 
Cl 2,OOOpF 
C2 2pF ceramic 
C3 OOI^F 
C4 lOOpF mica 
C5 50p.F elect. 12V 
C6 2,000pF 
C7 2pF ceramic 
C8 001/iF 

Variable capacitors 

VCI 60pF compression trimmer 
VC2 15pF air space variable control 

Inductors 

LI uses p.v.c. covered single cc 
bell wire, about 20 yards (s 
text) 

L2 uses 32 s.w.g. enam. copper wi . 
about 10 yards and a £in or 
10mm coil former with dust iron 
core (see text) 

Transistors and Diode 

TRI.2 OC44 or NKTI52 (2 off) 

TR3 OC7I or NKT25I 
Dl OA79,OA8l, or similar 

Miscellaneous 

SI Single-pole, on-off toggle switch 
XI Headphones, 4,0000 type 
BY I Battery 4-5V type 1289 
Plastics box, perforated s.r.b.p. 6jx4y 
Tinned copper wire and p.v.c. covered 
flexible wire 

Wood for detector sensor and handle 
(see text) 


Fig. 2. The electronic unit is mounted in a plastics box. The 
component side and underside wiring of the board are shown 
above 
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The wire ends of the components pass through small 
holes, and are soldered underneath to 24 s.vy.g. wire 
connections. Insulation is placed on leads where 
necessary. 

The 4-5V battery is secured with cord or wire passed 
through holes in the component board. Leads are 
soldered on. Polarity must be correct. 

The switch and VC2 are fitted after placing the wired 
panel in the box. Long leads for the search coil pass 
through a hole in the box end and are taped to the 
handle down to the search coil at the bottom. 

The capacitors C2 and C7 can be 2pF fixed ceramic 
types, or be made from thin insulated wire about 1 jin 
long and twisted together. 


COIL WINDING 

The oscillator coil L2 is wound from 32 s.w g. 
enamelled wire on a jin or 10mm diameter former with 
an adjustable core. The winding begins at A, Fig. 2. 
This end will go to VC1 and VC2, Fig. 2, after the coil is 
wound and mounted. For the first section, A to B, 
wind on 125 turns, in a compact pile. Make a loop of 
the wire about 3in long at B. Continue winding in a 
pile in the same direction for a further 45 turns, and 
make another loop at C (battery negative). A further 
15 turns in the same direction finishes the coil; this 
end*(point D) goes to VC1, VC2 and C6. 

Do not let the loops cause the coil windings to come 
loose. Turns are held with a little adhesive or wax. When 
firmly set the loops at A, B, C, and D are bared for 
about jin and soldered to the appropriate junctions On 
the component board, or via the tags on the former if 
fitted. 




SEARCH COIL 

The search coil LI is wound with thin single core bell 
wire and is 5in in diameter. A temporary former of 
near this diameter is used to wind the coil, winding 
10 turns from A to B. A loop is made at B and winding 
continues for another 12 turns to loop C. Wind four 
turns 1 more, make loop D, then wind 15 turns more, and 
end at E. The ends and loops should be identified by 
coloured sleeving or other means. The insulation is re¬ 
moved for about jin .for connection to the long leads 
from the box. 

The coil is removed from its temporary former, and ‘ 
bound with adhesive tape. It is attached by adhesive to 
a piece of 3-ply wood about 6in X 6in, Fig. 3. C4 is 
soldered to the ends of the coil at points A and E. 


ASSEMBLY OF SEARCH COIL 

A block ofTin thick wood about 2in x 3in is drilled 
at an angle to take a. thick dowel or broom handle, 
Fig. 3. This is glued in place, and the block is glued to 
the centre of the plywood plate. 

The detector can be fitted to the handle about 1ft 
up the handle by means of two Terry clips bolted -to 
the box. The search coil leads B, C and D (Fig. 2) are 
arranged to run down to the tappings, and are secured 
with tape or thread to the handle. 
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DISCRETE 


use DeC 

solderless 
modular 


|i-DeC ‘B’ 

The board to use if bread¬ 
boarding with one package 
type. 

If breadboarding with a 
variety of packages use 
H-DeC'A’ general purpose 
breadboards. 


T-DeC 

Primarily for discrete 
components but with 1C 
capability. 


breadboards 


• Contacts designed for maximum life. 

• Components inserted directly into board. 

• Patch yvith ordinary wire. 

• Modular, for economy and maximum use. 

• Modules link to form any size of bread¬ 
boarding. 

• Slots accommodate heatsinks and control 
panels. 

• Control panel supplied with every DeC. 

• DeC’s may be temperature cycled. 

• Contacts available in a range of surface 


| 


finishes. 

» All contacts numbered for reference. 

» All connection points shown on surface 
of DeC. 


S.D.C. ELECTRONICS (SALES) LTD. 

34 Arkwright, Astmoor Industrial Estate, Runcorn, Cheshire. Tel: Runcorn 5041. 
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VARIABLE VOLTAGE TRANSFORMERS 



25 ohm, 2 a.; SO ohm, 1.4 a; 100 ohi... 

250 ohm, .7 a.; 500 ohm, .45 a.; I Koht 
2B0 mA; I -5 Kohm, 230 m A; 2-5 Kohm, .2 a.; 5 Kohm, 140 

each p a & e p e, i/| ,n Sft le " gth ^ in '' dil ’ # in - AN 1 - 

AlI attlVeach^' p 0/ | °° llso ' soo l I/I’5/2 5/5 

25 WATT. ea m/'25/50/100/250/500/1 /1-5/2-5 Kohm 


_ P. & P. 1/6. 

VEEDER ROOT. 230V a. ' 


.50 cy 


CoUntIr. ,2 4i'„ 8 ^u D m C ca^e N d E ^ C 

Figures IJin high. Jin wide. Set of In ’’ 


BODINETYPEN.C. I GEARED MOTOR 

teiH. 7 v^ P T r^.r3^ 





G.E. P.U.T. DI3TI 


used r as ^Double C woum5 ^j^V.L 

through the e centre'open' n,Um E er 


!*■ 

5a.. : 

£2.5.0 + 


ZA/S/WTm ulti 


RANGE METERS 

-New Model U50D Multi tester, 

25^00 OPV, mirror scaled with overload 
protection. Ranges—d.c. volts: lOOmV 
0 5 V, 5V, 250V, 1,000V; a.c. volts! 

'■"* , 50V, 250V, 1,000V; d.c. 

5/tA, 0-5MA, 5MA, 50MA, 


34R SILICON SOLAR CeIl" 



SERVICE TRADING CO 


All Mail Orders—Also Callers—Ample Parking Sp; 

57 BRIDGMAN ROAD, LONDON, W.4 Phone 
SHOWROOM NOW OPEN 


Personal callers only 

» LITTLE NEWPORT ST. 

CLOSED SATURDAY | LONDON, W.C.2. Tel. GER 0576 


TRANSISTOR AUDIO 


A Milliard Publication 
30/- Postage I 


;e6d. 


i. 10/-. 


COLOURTELEVISION PALSYSTEM. 

by G. N. Patchett. • 40-/. Postage I/-. 

RADIO COMMUNICATION HAND¬ 
BOOK, by Radio Socie " 

63/-. Postage 4/6. 

TRANSISTOR SUBSTITUTION 
HANDBOOK No. ?, 18/-. Postage I/-. 
S.C.R. MANUAL, by th 


. 25-/. Posta 


s 1/6. 


THE MODERN BOOK C 

BRITAIN’S LARGEST STOCKIST 
of British and American Technical Boo 

19-21 PRAED STREET 
LONDON, W.2 

Phone: PADdington 4185 
Closed Saturday I p.m. 


NEW RANGE BBC 2 AERIALS 


BBC • I TV AERIALS 

(Band 1). Telescopic 
—— S/Dj MK 



K.V.A. ELECTRONICS (Dept. p.E.) 

40-41 Monarch Parade 
London Road, Mitcham, Surrey 
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The complete detector unit ready for mounting on the 
handle and connecting to search coil 


If it is required to dismantle the instrument for 
portability, the handle could be made a tight push fit 
into the block with a screw to secure it. Leads from 
the coil could terminate in a small 3-pin plug to insert 
in a socket on the detector box. A jack could be used 
for headphones. 


ADJUSTMENTS FOR CORRECT 
OPERATION 

No results can be obtained until the two tuned 
circuits are operating on a near frequency. Adjusting 
VC1, VC2 and the Core of L2 throughout their full 
range should produce a heterodyne whistle in the 
phones. If so, adjust VC1 so that zero beat arises with 
VC2 about half closed. Rotating VC2 from this 
position, in either direction, should cause the tone to 
rise in pitch.. 

If no tone can be heard switch off and temporarily 
disconnect TR3, and use a meter to check battery 
current. This should change if C4 is shorted, or if VC2 
is shorted. If there is no change in current when either 
of these tests is made, the appropriate oscillator is not 
working, and connections should be checked. When 
all is satisfactory reconnect TR3. 

If both TR1 and. TR2 are oscillating, but no tone is 
obtained, their frequencies are probably too far apart. 
One way of checking this is to take a 300pF variable 
.capacitor, and temporarily connect it across LI (A to E). 
If closing this capacitor enables a heterodyne to be 
produced, then,the frequency of LI is too high for L2 to 
match. This is corrected' by increasing C4, or by 
redudng VC1, or having fewer turns on L2, or, with¬ 
drawing the core, until VC 1 and VC2 can be adjusted as 
described. 

Should a heterodyne only be possible with extra 
capacitance across L2, then L2 is at too high a 
frequency. .This can be overcome by reducing C4, or 
' increasing the value of VC1, or screwing the core of L2 
further in. 

VC2 is best adjusted to give a low frequency tone in 
the headphones, and so that the frequency rises when LI 
approaches the metal sought. If the tone falls, passes 
through zero, theft begins to rise, VC2 can be retuned to 
the other side of zero beat when no metal is near LI. 


THYRISTORS AND THE EXPERIMENTER 

continued from page 23 
to reduce radiation have been noted earlier and should 
be followed for minimum interference on radio and 
television. 

The burst-fire control method, however, switches 
power to the load at a much lower rate, say every 
second for i second at a time, and hence the thyristor is 
required to switch on-load current that much less often. 
If additional circuitry is employed—rather too complex 
' to include in the present article—then it is possible to 
arrange for the load to be both switched on and off at 
zero mains voltage, i.e. at almost zero load current, and 
in that case no interference can be generated. 


OBJECTIONAL FLICKER 

Although the potential interference level is much less 
using burst-fire, there is (of course!) a disadvantage. If 
used for lamp control there is a very pronounced, 
objectional flicker, although when used for the control 
of heaters this factor does not apply. Since heaters are 
generally of higher wattage, and so take more current 
than' lamps, higher levels of interference would be 
generated using phase-shift control with them—hence 
the recommendation to use burst-fire when possible. 

There is another objection to the use of the phase- 
shift method for high power control. 

The phase-shift method introduces some distortion 
into the waveform of the electricity supply. If a 
number of high power devices were operating simul¬ 
taneously in the same electricity supply area, this 
distortion could assume serious proportions, and affect 
other equipment connected to this area. For this 
reason, the Electricity Council recommends the use of 
the burst-fire method, except for low power devices 
such as light dimmers. 


THE TRIAC 

Before concluding, mention must be made of the 
Triac, which is equivalent to two thyristors in back-to- 
back parallel. Control of a.c. is possible using a single 
Triac and no rectifiers, but. such devices are dearer 
than the equivalent thyristors at present. However, 
they will obviously make their bow in the home 
construction field before long, and will lead to 
simplification of circuitry. 


SCOPE FOR EXPERIMENT 

Since such a variety of circuits have been quoted in 
this review (most of which have either been tested, or 
actually evolved, by the author) it has not been possible 
to give here constructional details for the building of 
units making use of them. Rather it is hoped that 
experimenters will be encouraged to try some of the 
circuits in the applications mentioned, and to think of 
many more uses besides—the “Ingenuity Unlimited 
pages are open to all ! Thyristors are very easy to use 
once their principles are understood. 

It would be as well to conclude by re-stating three 
important points: 

1. Do not exceed the rating of the device in use— 
remember switch on-surges, etc. 

2. Provide adequate r.f. interference suppression 
such as an earthed metal case and/or a LC filter. 

3. Remember that in applications involving mains, 
switch off before touching any of the exposed circuitry. 
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ESRO PROGRAMME 

The satellite programme now 
finalised by the European Space 
Research Organisation consists of 
seven vehicles for the period 1969 to 
1975. These are all scientific satellites. 
In addition to these there are several 
feasibility studies which will be 
undertaken by both the European 
Space Research and Technology 
Centre and industry through ESRO 
contracts. 

These include a combined pure 
research and operational meteoro- 
logicaj satellite for data collection 
and distribution. The pure research 
would be devoted to investigation of 
the lower atmosphere properties 
of winds and temperatures; the 
meteorological data would be 
collected and distributed in the usual 
way. The satellite would have a three- 
axis stabilisation, one pointing to the 


centre of the earth and another along 
the flight path in addition to normal. 
Two versions may be made, one of 
225kg using Europa 1 for launch and a 
smaller version for Scout launch 
weighing 115kg. 

The research for these projects is 
being undertaken by Elliot Bros, with 
Fokker and Dornier. The equipment 
will include a basic radiometer, a 
scanning radiometer/photometer, an 
ultra-violet solar monitor, and a 
balloon interrogation system. The 
solar paddles for power supply will be 
moveable. 

ULTRA-VIOLET 

The Mercury fly-past probe has 
already been described. An ultra¬ 
violet astronomy satellite UVAS may 
be part of the next major project. 
This vehicle is intended to be com¬ 
plementary to the NASA Orbiting 
Astronomical Observatories. One 
version is by the Culham Laboratory 
at Abingdon covering U-V spectro¬ 
scopy and another by Fiat using U-V 
mapping in place of spectroscopy. 

TD-I which is scheduled to be 
launched by a Delta N in 1972 
weighs about 450kg. It is an astro¬ 
physics laboratory which will measure 
and analyse electromagnetic radion 
from the sun and other celestial 
objects. There are to be seven 
experiments. Four of these will scan 
the sky at a number of wavelengths to 


detect the emission of galactic and 
extra-galactic sources, two others will 
be sun pointing, and there will be a 
cosmic ray telescope to observe 
primary particles. 

VACUUM TELESCOPE 

At Sunspot in New Mexico a solar 
telescope of revolutionary design 
came into operation in October 1969. 
The telescope of the tower type was 
designed and built by the United 
States Air Force Cambridge Research 
Observatory at Sacremento Peak. 
Built at a cost of $3-2 million it is 
hoped that it will enable more 
precise measurements of solar activity 
and accurate forecasts of possible 
harmful radiations to be made. 
Thus astronauts’ wellbeing will be 
safeguarded. It will also enable an 
assessment to be made regarding 
communications and allowances 


made for the effect on the signals to 
and from spacecraft at great 
distances. 

The tower is 39 meters in height 
and surrounds the tube of the tele¬ 
scope itself. The tube of the telescope 
is 98 metres in length, and the upper 
. portion rotates to follow the sun’s 
path. The optics are simplified by 
this method and are also out of reach 
of most of the turbulence arising from 
the ground. 

MERCURY BEARING 

The tube which weighs about 
250 tons is three metres across at its 
widest point and floats on a mercury 
bearing near the top of the tower. 
The sun’s rays enter through a quartz 
window 76cm across and are 
reflected down the tower to the 
mirror (which is 45 metres below 
ground), then up to ground level to 
three spectroscopes. One of these is 
a new universal spectroscope specially 
to serve this telescope. 

The unique feature of this tele¬ 
scope is the fact that the whole system 
is in a vacuum. The tube is kept free 
of air turbulence and dust by this 
method. In addition the tower 
itself is refrigerated to minimise the 
•possible dancing of the image of the 

The observatory has a special 
interest in the study of the chromo¬ 
sphere of the sun. This is the highly 


turbulent envelope thousands of 
kilometres deep from which there are 
eruptions of plasma and the ejections 
of matter and radiations which 
affect communications. 

THE DENSITY OF PLUTO 

It is only now that a more accurate 
estimate of the density of the most 
distant planet known in the solar sys¬ 
tem has been made, that the orbit of 
Neptune can be more accurately 
computed. Neptune was discovered 
in 1846 and has only completed 
about three-quarters of its orbit up till 
now. 

The theories have all been based on 
an assumed value for density of 
Pluto. These have been based on the 
amount of the orbit of Neptune that 
has been observed. The two variables 
which are dependent on each other 
for their assessment are now again 
the subject of study. 

Hitherto the mass of Pluto has 
been taken to be about 0-9 that of the 
earth. American astronomers at the 
United States Naval Observatory in 
Washington have suggested that it 
would be less complicated to assess 
the correct values if the mass of 
Pluto was adjusted to what is known 
now of Neptune’s orbit. Accordingly 
they suggest that mass should be 
taken as 0-2 as this is the value that 
best fits the known facts. 

The interesting thing about this 
suggestion is that whereas the earlier 
figure for the mass implies an 
extremely high density, the new 
suggestion requires a density of only 
1-5 times that of the earth. This is 
much more plausible. Of course the 
whole problem will be solved in the 
year 2,000 when Neptune will have 
completed its orbit round the sun. 
This however may well be after 
probes have been in that vicinity and 
sent back direct information. 

MORE PULSARS 

Professor J. G. Davies has 
announced that two more pulsars 
have been found. As the Mark I 
telescope at Jodrell Bank is under¬ 
going some modifications, it required 
to be pointed to the zenith without 
azimuth movement for about two 
months. The whole of this period 
was taken up with the study of 
pulsars. 

In October the two mentioned 
were discovered by a technique 
developed by Professor Davies. This 
technique is to look for individual 
dispersed pulses rather than for 
pulses over a period. The two 
frequencies used are a few MHz 
separation at a frequency nominally 
480MHz. One advantage of the 
method is that it is sensitive to the 
many pulsars that do not show 
continuous trains of pulses. The two 
new ones found were more sporadic 
in their pulsations than the earlier 
pulsars found. At the date of the 
October discovery the total number 
of pulsars catalogued was 43. 
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There's Something for Everyone in the 

NEW HEATHKIT CATALOGUE! 
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. CAR RADIO 
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. GENERATORS 
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. D I.Y. RADIOGRAM PACK 
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Leisure time takes on a new sparkle, a new interest when you add the creative 
fun you get from building a Heathkit model. Get the thrill of personal 
achievement when you switch on and realise that you've done something 
you doubted you could ever do. Your first step is FREE! just simply send 
for the latest Heathkit catalogue and see what a wide choice of models 
we offer. What ever your requirement, be it Hi-Fi, Audio, a Portable k' 
Radio, a Record Player, Amateur Radio, a SW Receiver, a Test Instru- jP/ . a 
ment or Educational Equipment. . . There is something for everyth 
one. And we are adding to our wide range continuously. 
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Gloucester GL2 6EE England 
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By M. J. Gay Chief Circuit Engineer (Linear), Plessey Microelectronics 


L ast month we completed the description of the two 
main amplifiers and their construction. Now we 
will describe the pre-amplifier circuit used to feed the 
amplifiers. 

PRE-AMPLIFIERS 

The pre-amplifier design uses two Plessey SL702C 
integrated circuit operational amplifiers per channel. 
The first amplifier provides amplification and equalisa¬ 
tion for the various signal sources. The second 
amplifier provides further amplification and tone 
controls. Programme sources covered are crystal or 
ceramic pick-up, magnetic pick-up, tape replay and 
radio. The circuit diagram is shown in Fig. 11. 

OPERATIONAL AMPLIFIER BIASING 

Operational amplifiers, having differential input 
stages, normally need two supply lines. In the arrange¬ 
ment used here the SL7&2C generates its own “earth” 
reference at half supply voltage by means of decoupled 
d.c. feedback from the normal earth point. Fig. 10 
shows the circuit diagram of the SL702C plus biasing 
arrangements. The amplifiers are operated on a 12V 
supply. 

EQUALISATION SECTION 

For radio, tape and magnetic pick-up inputs the 
amplifier is used with series feedback but for crystal or 
ceramic pick-up inputs it is used with capacitive shunt 
feedback. The feedback network is selected by switch 
Sic and the appropriate input to the integrated circuit 
by switches Sla and Sib. The “tape” feedback net¬ 
work consists of R11 and Cl 1. Resistor Rl I must be 
chosen to suit the playback speeds as in Table 2. Mag¬ 
netic pick-up compensation is obtained from the net¬ 
work RIO, C9 and CIO; Cli provides shunt feedback 
for use with ceramic pick-ups. For radio inputs the 
amplifier gain is reduced to just over unity. 

Table 2. TAPE EQUALISATION 
Speed (inches per second) Rl I 

375 22k O 

7-5 lOkfi 

15 6-8kH 


The use of capacitive shunt feedback when the 
amplifier is fed from a ceramic pick-up obviates the 
requirement for a very high input impedance. The 
pick-up capacitance and the feedback capacitor act as 
a see-saw about the amplifier’s virtual earth input 
giving a constant gain down to very low frequencies. 
Furthermore the amplifier can readily handle the 
possibly very high outputs from ceramic or crystal 
pick-ups, when connected in this manner. With a 
6-8nF feedback capacitor (Cl 1) the amplifier output 
will be typically seven times lower than the pick-up 
output. This brings the output near that obtained with 
other programme sources and ensures that good over¬ 
load capability is maintained. 

RUMBLE FILTER 

A simple rumble filter is incorporated in the 
equalisation circuit by the inclusion of the network 
R7, R8, R9 and C7 across the feedback components. At 
low frequencies as C7 impedance rises, the transfer 
impedance of this network falls causing the amplifier 
gain to fall (R8 damps the bridged T network reson¬ 
ance between R7, R9, C7 and Cll or C9 plus CIO). 
With radio inputs, when the amplifier gain is set to a 
much lower level, the rumble filter is inoperative. 

With radio, tape and magnetic pick-up inputs the 
input impedance of the amplifier is set at 47 kilohms 
by R3. A small (47pF) capacitor (C3) is added to 
reduce the possibility of h.f. oscillation due to stray 
capacitance feedback into this impedance when the 
input is open circuit. 

The operational amplifier is stabilised by capacitors 
C4 and C5 connected to its two compensation points. 

TONE CONTROL SECTION 

The main amplifier requires a low impedance drive 
to avoid upsetting the active filter characteristics. 
Therefore it is not possible to place an attenuator type 
tone control after the pre-amplifier. Noise considera¬ 
tions make it equally undesirable to place one after the 
equalisation stage. The tone controls are therefore 
incorporated into a feedback network around the 
second operational amplifier. The “Baxandall” 
arrangement is used since tlys has the considerable 
advantage of using linear potentiometers (other 


Practical Electronics January 1970 


35 



















Practical Electronics January 1970 














































































a new 4-way method of mastering 


by doing — and — seeing 


1 > 


OWN and 
HANDLE a 


complete range of present- 

day ELECTRONIC PARTS 
and COMPONENTS 



A> 


BUILD 
and USE 
a modern and profes¬ 
sional CATHODE RAY 
OSCILLOSCOPE 


O k READ and 

_ W DRAW and 

UNDERSTAND 
CIRCUIT DIAGRAMS 




A> 


CARRY OUT OVER 40 EXPERIMENTS ON BASIC ELECTRONIC 
CIRCUITS AND SEE HOW THEY WORK . . . INCLUDING . . 

• VALVE EXPERIMENTS • PHOTO ELECTRIC CIRCUIT # A.C. EXPERIMENTS 

• TRANSISTOR EXPERIMENTS • COMPUTER CIRCUIT • D.C. EXPERIMENTS 

• AMPLIFIERS • BASIC RADIO RECEIVER • SIMPLE COUNTER 

• OSCILLATORS •ELECTRONIC SWITCH • TIME DELAY CIRCUIT 

• SIGNAL TRACER • SIMPLE TRANSMITTER • SERVICING PROCEDURES 

This new style course will enable anyone to really understand electronics by a modern, practical and visual method— 
no maths, and a minimum of theory—no previous knowledge required. It will also enable anyone to understand how 
to test, service and maintain all types of Electronic equipment, Radio and TV receivers, etc. 


FREE 


POST NOW i 
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BROCHURE 1 


To: BRITISH NATIONAL RADIO SCHOOL, READING, BERKS. 

send your free Brochure, without obligation, to: we do not employ repre 
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Arrangements require antilogarithmic potentiometers). 
The standard Baxandall see-saw gives a mid-band gain 
of- unity which is too low for our requirements. An 
attenuator is therefore placed between the amplifier 
output and the feedback network to increase the overall 
mid-band gain to approximately five times. 

The attenuation is varied by means of the potentio¬ 
meter VR4 (Fig. 11) which provides the balance adjust¬ 
ment, and is connected between the two channels. This 
control gives a gain adjustment range of — 3dB to 
+ 6dB for each channel and thus compensates for 
balance errors up to 9dB. The operational amplifier 
is stabilised by capacitors Cl 3 and Cl4. 

PRE-AMPLIFIER CONSTRUCTION 

The two pre-amplifiers were built on a 01 in. 
matrix Veroboard shown in Fig. 12. Because the 
potentiometers used had bushes too short to enable the 
controls to be affixed to the Veroboard and a chassis, 
they were attached by floating leads. The construc¬ 
tional points made previously in this article should also 
be considered when building the pre-amplifier section. 

The crosses shown on the underside of the Veroboard 
represent breaks in the copper strip and should be made 
before affixing the components; this also applies to 
Fig, 5 last month. 


MECHANICAL CONSTRUCTION 

The main amplifier boards and pre-amplifier board 
have been bracketed together as shown in Fig. 14. The 
assembly is mounted in a simple chassis which carries 
the controls and'power supply components (Fig. 13). 
To allow adjustment of the speaker sensitivity balancing 
potentiometers, access holes are drilled in the chassis, 
Fig. 15. 



„ - -16 
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Underside view of the completed amplifier ready for 


PRE-AMPLIFIER PERFORMANCE 

The response curves for the equalisation section are 
shown in Fig. 16. Fig. 17 shows the tone control charac¬ 
teristics. The sensitivities at the different settings are 
given in Table 3 (these are inputs required for 300mV 
r.m.s. output with volume control at maximum.) 

Table 3. INPUT SENSITIVITIES 



The amplifier input impedance allows operation from 
tape heads of up to one Henry inductance. Typically 
half track heads of lOOmH generate around 2-5mV at 
1kHz. If lower output heads are used then higher gain 
will be required. Referring to Fig. 11 this may be 
obtained by reducing R15 and VR4 (halving their value 


doubles the gain). To maintain the l.f. response Cl5 
and C20 must be proportionately increased. The 
other sensitivities are more than adequate; that quoted 
for ceramic p.u. is for units of 800pF capacitance. The 
overload margin of the equalisation section is 30dB at 
all settings. 

DISTORTION 

Distortion was measured for the equalisation section 
at 60mV r.m.s. output (corresponding to full drive into 
the main amplifier) and at 600mV r.m.s. output, and 
for the tone control section at 300mV r.m.s. output 
(full drive into the main amplifier). Since the SL702C 
is an essentially linear amplifier and we have up to 
40dB negative feedback around it, we expect very low 
distortion; this is the case. The equalisation section 
generates less than 001 per cent distortion (even at 


COMPONENTS... 


PRE-AMPLIFIER and CHASSIS 

All components except the potentiometers, C20, SI and Veroboard must be duplicated for channel B 


Resistors 

Rl l-8kl2 carbon 

R2 I-8kO carbon 

R3 47kO film 

R4 470Q film 

RS l-2kn film 

R6 4-7kQ carbon 

R7 33kQ film 

R8 4-7kQ carbon 

R9 33kf2 film 

RIO 33k£I carbon 

Rl I see text, film 

RI2 4-7kO carbon 

RI3 8-2kO film 

RI4 2-7kfl film 

RI5 3300 carbon 

RI6 lOkOfilm 

RI7 lOkO film 

All ±10%, i or i watt. 


Capacitors 


8/^F elect. 16V 
4/*F elect. 16V 
47pF silver mica 
47nF polyester 
330pF ceramic 
125/xF elect. 16V 
1/iF polyester 
4/*F elect. 16V 
2-2nF polystyrene 
lOnF polyester 
6-8nF polyester 
4/iF elect. 16V 
47nF polyester 
330pF ceramic 
250/iF elect. 16V 
33nF polyester 
33nF polyester 
6-8nF polyester 


CI9 6-8nF polyester 
C20 80/iF elect. 16V 

Potentiometers 
VRI SkQ tandem log 

VR2 100k 12 tandem lin 

VR3 100k 12 tandem lin 

VR4 IkO lin 

Integrated circuits 
1C I and IC2 SL702C Plessey (2 off) 
(available from S.D.S. Ltd., Hillsea 
Industrial Estate, Portsmouth) 

Miscellaneous 

SI 6-pole 4-way wafer switch 
Veroboard 0-1 inch matrix 9-8in x 2-3in 
SKI, 2 and 3 double phono sockets (3 off) 
16 s.w.g. aluminium I4j)in x I2in 
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This shows the method of assembling the three component 
boards inside the chassis. The upper main amplifier board 
is separated from the chassis by four small spacers 


Z'XT 


/ 



MX. BOOST 



m*1.cut 


_i 11 mu 

. , , Mill .. 


FREQUENCY (Hz) 

Fig. 17. Tone control characteristics 


600mV r.m.s. output) except at very low frequencies 
in the “magnetic pick-up” and “tape” positions where 
the feedback is much reduced. At 40Hz for these 
settings, distortion reaches 01 per cent at 600mV r.m.s. 
output. With tone controls level the tone control 
section generates less than 0 02 per cent distortion at 
300mV r.m.s. output. 

NOISE 

Noise measurement presents some problems as the 
noise spectrum is of course shaped according to the 
equalisation characteristics. For this reason a per¬ 
ceived signal to noise ratio was determined in this case. 
This is obtained by measuring the noise over the audio 
frequency band, then weighting the results according 
to the ear’s sensitivity, before integrating to obtain the 
total effective noise power. Noise was measured with 
a 10 kilohm source for “radio”, an 800pF source for 
“ceramic p.u.” and a llOmH source for “magnetic 
p.u.” and “tape”; these corresponding to real con¬ 
ditions. The results are shown in Table 4. 

Table 4 . NOISE LEVELS 


Ceramic netic 

Input Radio p.u. p.u. Tape 

Perceived 

Noise —83dB —85dB — 64dB —62dB 

Reference Input 35mV 400mV 2-5mV 2-5mV 


The noise levels shown in Table 4 are relative to the 
reference levels given which are the minimum required 
for 300mV r.m.s. output (full drive to main amplifier). 
In most cases, the source output will be substantially 
larger than these levels, particularly in the case of 
magnetic pick-ups which typically give 20mV r.m.s. 
peak music output (the high sensitivity is a by-product 
of the compensation required). In practice perceived 
noise levels will be around — 90dB for radio and ceramic 
p.u. inputs, around — 80dB for magnetic p.u. input and 
around -60dB for tape input. 

SETTING UP 

Caution: the wipers of the speaker sensitivity 
balancing potentiometers connect to the SL403 main 
amplifier input and must not be shorted to earth; use 
only a non-metallic tool for adjustment. 

To gain access for adjustment of the bias correction 
potentiometers, the lower main amplifier board is freed 
from the assembly; this is a once only adjustment. 
Again take care not to short the potentiometer 
wipers to earth. 

Listening tests are very satisfactory; the performance 
of the equipment was found to be significantly better 
than the author’s valve based high fidelity amplifier 
(a 0T per cent distortion 10W system) which it now 
replaces. ★ 


Note: In the first part of this article the value of R2I was 
incorrectly given as 22kQ, this should have been I2k0. Socket 
SK4 is not duplicated and Rl, in Table I, for the middle 
channel (250Hz crossover) should be 39kfi. 

Also the equation referring to Fig. lb should have read: 
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WITCHING 


_ _ CIRCUITS 


SCHMITT TRIGGER By B. Pounder 


TThe Schmitt trigger is an important circuit that 

I appears frequently in electronic switching systems. 
The basic circuit (Fig. 2.1) consists of a two-stage 
directly coupled “amplifier” with positive feedback 
across the common emitter resistor R3. 

To see how it works, consider first that the base of 
TR1 is connected to the common negative line so that 
TR1 is non-conducting. TR2 conducts, its base 
current being supplied by means of the potential 
divider network R1, R2, and R4. The voltage dropped 
across R3 by the emitter current of TR2 causes the 
emitter of TR1 to be positive with respect to the 
common line. The base-emitter junction of TR1 is- 
therefore reverse biased, so TR1 is held off. 

Now if the base voltage of TR1 is gradually raised 
from its initial value of zero, a stage will be reached at 
which its value is just greater than the emitter voltage. 
TR1 will then begin to conduct, and as it does so, the 
increasing voltage drop across R1 will cause the 
collector voltage of TR1 to fall. The collector of TR1 
is connected to the base of TR2 via a voltage divider 
network, therefore the base voltage on TR2 will drop 
and TR2 will conduct less heavily. 

When the collector current of TR2 begins to fall, the 
voltage on the emitter falls (emitter follower action) 
increasing the potential difference between the base 
and emitter of TR1. Therefore, TRT conducts while 
TR2 current is reduced to cut-off. 

REGENERATIVE ACTION 

The circuit can be made regenerative; that is, it will 
react to an initial change (the increase in V bl beyond 
the threshold value in this case) in such a way as to 
increase continuously the effects of that change. The 
process stops when no further change is possible; in 
this Circuit, when TR1 is hard on and TR2 is off. 

The reverse situation is also true. If V bl is lowered 
from a value in excess of the threshold, a second 
threshold will be reached at which the circuit will revert 
to its initial condition. These two switching processes 
are exceedingly fast. 

The property of the Schmitt -trigger to react very 
rapidly to values of V bl equal to two threshold values 
suggests two obvious applications: 

(a) as a threshold sensitive switch or “level detector”; 

(b) as a shaping circuit to “square-off” an input 
voltage waveform of arbitrary shape. 

These two applications are evident from an examination 
of typical input and output waveforms (Fig. 2.2.) 


DESIGN CALCULATIONS 

The Schmitt circuit design procedure is by no means 
as simple as it may appear at first sight and a full 
algebraic derivation of formulae from which design 
can be carried out is quite complex. However, it is 
possible to make some simplifying approximations 
from which useful results can be obtained. 

Let us use the formulae to design a circuit which 
will provide a 6V swing across R5 on switching and a 
current of 10mA in TR2 when it is conducting. Let 
Vi = .4 volts and V 2 = 3 volts (Fig. 2.2). (step 1) 

R & = 6 x = 600 ohms (step 2) 
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DESIGN STEPS 

1. Decide upon values of the upper and lower 
thresholds V, and V„ respectively, the output 
voltage swing V 0 and the collector current ( c , of 
TR2. 

2. Calculate R 6 = V 0 //c 2 

3. Choose a value for Vcc- (This must be greater 
than V 0 .) 

4. Calculate fi, + Hi -f ^ = hreVccI^ X let- 

5. Calculate R 4 = /ipeVJIO X / ca - (V, is higher 
threshold.) 

6. Calculate R 3 = (V 4 — Vi (C2 )/le 2 - 

7. Calculate / C1 = (V a -Vt,«)/R 3 - (V* « '°wer thres¬ 
hold.) 

8. Calculate Rj=Vcc^l — yr) jlev 

9. Calculate R 2 = (R 4 + R 2 + R.) - («i + «*)• 

10. Check that h FE R 3 > R 4 (Ri + R 2 )/(Ri + R, + **)■ 


Let Vcc = 9V (step 3); this will be sufficient to supply 
an output voltage (K 0 ) of 6 volts and allow for a 
voltage drop across R3 which will be calculated later. 
+ Rt + R* = AfeFcc/10 X la 


= 20 x 9/10 x 


10 

,000 


(A preferred value resistor of 330 ohms can be used.) 

The value of Kbe a = 0-6 is based on the use of a 
silicon transistor for TR2. 

/« = (K 2 - KbeO/Ra 

= (3 - 0-8)/330 

= 6-67mA (step 7) 


Ri = Kcc(i —y^)/ /c i 
= 9(1 - i)/ j^QOO 


= 1,800 ohms (step 4) 

assuming a worst case value for Afk of 20. 

Ri = hFnVJlO x hi 

10 

= 20 x 4/10 x jIqqq 
= 800 ohms (step 5) 

(A preferred value resistor of 820 ohms can be used.) 
Ri = ( Vi - Vbeiilhi 
I 10 

= (4 - 0-6)/ J^QQQ 
= 340 ohms (step 6) 


= 337-5 ohms (step 8} 

(A preferred value resistor of 330 ohms can be used.) 

R t = (Ri + Ri+ Rd - (Ri + Ri) 

= 1,800 - (340 + 800) 

= 660 ohms (step 9) 

(A preferred value resistor of 680 ohms can be used.) 

The condition of step 10 (i.e. Afe R 3 ) is fulfilled. 

ASSEMBLY AND OBSERVATIONS 

The circuit can be assembled on S-Dec using the 
connections shown in Fig. 2.3; the switching operation 
can be observed with the aid of voltmeters. Note 
that unless the voltmeters have high resistances, their 
presence will affect the d.c. conditions of the circuit. 

Several transistor types can be used; those suggested 
are the silicon npn 2N706 or ZTX300. The numbering in 
Fig. 2.3 applies for npn transistors with a lead sequence 
e-b-c. Devices such as the TIS50 or 2N2926 which 
have a b-c-e sequence may need a slightly different lay¬ 
out if the wires are not to be bent across each other. 

Dynamic operation of the circuit can be observed if a 
signal generator is used to provide the input signal, 
while the output voltage waveform is observed on an 
oscilloscope. A 6V mains transformer could be used to 
provide the input if required. 

When applying a sinusoidal input, it is easy to cause 
reverse bias breakdown of the base-emitter junction of a 
silicon transistor. Just a few volts will often suffice. 


Schmitt Trigger 
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To safeguard against this breakdown, a safety diode 
should be connected in the input lead as shown in 
Fig. 2.4. Any small diode will be suitable. 

The effect of the difference between the thresholds V 1 
and F 2 is easy to observe if the output is connected to an 
oscilloscope. 


CR CIRCUIT TRANSIENTS 

Series CR circuits are frequently used to perform 
timing functions in switching circuits and are also to be 
found in the couplings between individual switching 
circuits. It is important to understand how they react 
to rectangular voltage waveforms. 

A simple circuit for obtaining a close approximation 
to a rectangular voltage waveform is shown in Fig. 2.5. 
If the switch can be made to operate alternately between 
positions A and B, the voltage applied to the series 
combination of Cl and R1 has alternate values of ffand 
zero volts. 

When the switch is at A, Cl and R1 share the total 
voltage E supplied from the battery. Thus 
E = V c + Fr. The battery charges capacitor Cl 
through resistor Rl. As the capacitor becomes fully 
charged, the charging voltage reduces to near zero. 

The initial value of the charging current is approxi¬ 
mately £■//?, from Ohm’s Law, but reduces as the 
voltage charge on the capacitor opposes the applied 
voltage. 

Now the voltage across Rl (Fr) is always equal to 
/ x /?! from Ohm’s Law. Hence Vr has an initial 
value equal to E and a final value of ?ero some time 
after switching to A. It is easily shown that the 
relation between Vr and time t is 
Vr = Re-'/™ 

This is illustrated by the section of the curve marked 
AP in Fig. 2.6. 

Now because V R and Vc must always add up to E, 


the capacitor voltage Vc must be as shown. Its 
equation is 

V c = E - Vr = E(l - e-'/c'fi) 

If the switch connection is made to B when Cl has 
become fully charged, Cl will discharge through Rl, 
the current now flowing in the reverse direction. 

As more and more energy is dissipated in Rl, the 
current (and therefore V R ) falls. V R and V c are now as 
shown on the sections of the curves beyond the point P, 
and are given mathematically by 

Fr = - Ee-‘/c* 

F c = + Ee-‘/™ 

The quantity CR, which appears in these formulae, is 
called the time constant of the circuit. Its significance 
is found by considering what happens after a time equal 
to CR has elapsed after switching to either A or B. 
Substitution of t = CR in the above formulae shows 
that 66 per cent of the total possible voltage changes 
occur during this time. Thus on first switching to A, 
the capacitor can be considered to be almost completely 
charged after a time interval equal to the time constant. 

Note that if CR is required in seconds, R must be in 
ohms and C in farads. Alternatively, R can be in 
megohms if C is in microfarads; for example, 
if C = \/iE, R = 1MO, CR = 1 sec. 
if C = 0-001/tF, R = lOkQ, CR = 10/tsec. 
EXPERIMENTS 

1. To demonstrate the above results using simple 
equipment it is easier to use a circuit with a long time 
constant. The resistance R will therefore be large, so it 
will be difficult to observe Fr using a moving coil 
voltmeter, the relatively low resistance of which will 
shunt R. The value of C will also be large. 

If the voltmeter is connected across the capacitor to 
measure Fc, the meter resistance and R together form a 
voltage divider across E so the circuit is altered sig- 
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nificantly. However, if a high resistance (say 20,000 ft 
per volt) voltmeter is available, it will be possible to 
demonstrate the voltages Vc and Vr if C is equal to 
100/<F, and R is equal to about 10 kilohms. 

Note that the damping factor of the meter movement 
will mask a large part of the instantaneous changes 
indicated on Fig. 2.6. The meter should also be able 
to measure current to demonstrate the current-time 
relationship, if it is connected in series with the C and R. 
The circuit shown in Fig. 2.5 is easily assembled oaan 
S-Dec “breadboard”, a jumper lead being used in place 
of the switch. 

2. The Schmitt circuit can be used as a source of a 
rectangular voltage waveform which can be applied to 
the CR circuit; the voltages Vc and Vr can be observed 
on an oscilloscope. A sine wave signal generator is 
required for the input to the Schmitt. 

Apply a 1kHz signal to the Schmitt, of sufficient 
amplitude to cause the circuit to trigger, and observe the 
output voltage waveform on an oscilloscope. Now 
note the effect of connecting the;CR circuit across the 
output as shown in Fig. 2.7. The time constant of this 
network is short, about 0'05ms, so a series of positive 
and negative-going spikes will be observed on the 
’scope. 

If a diode is connected across the resistor, either the 
positive or the negative-going spikes can be suppressed, 
the diode acting as an effective low resistance shunt to a 
spike of the appropriate polarity. The Schmitt is now 
being used as a source of trigger spikes which occur at 
well defined intervals synchronised to the frequency of 
the input waveform. 

The triggering point on the input waveform is 
determined by the value of the trigger level voltage V v 
If the voltage spikes are carefully examined, it will be 
noticed that the positive and negative-going time 
constants are not the same. Neither are the amplitudes 
of the spikes equal . To be continued 


noted: 

1. Page 921, thii 
voltage drop along /. 

2. Page 921, under 


ig corrections should be 


er “Transistor operated as a switch”, to 


But 


Kcc = Vl + Vce 


Vl = JcRl 

3. Page 922, Fig. 1.9: Diode D1 to be reversed. 

4. Page 922, Fig. 1.10a: Diode D1 to be reversed; TR1 
is on holes 52, 57, 62; TR2 on holes 24, 29, 34; TR3 on 
holes 39, 44, 48. 

5. Page 922, Fig. 1.10b: / Bs = 0 should read I B ,• 

6. Page 923, under “Light operated and circuit”, 
fourth para, should read: “Typical voltage values are 
shown in Fig. 1.10b and c”. 

7. Page 923, eleven lines further down, should read: 
“Then R 3 = (6 — 0-4)/5 = 1,100 ohms.” 


NEXT. 
MONTH’S . 
ISSUE ! 
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SWITCH 



Accurate measurement of rainfall with con¬ 
venience of indoor monitoring. Flow of water 
is “digitised” and electrical pulses produced 
which actuate a remotely sited metering unit. 


ELECTRONICS 


I February issue on sale Thursday, January 15 

I ORDER YOUR COPY NOW! 


Practical Electronics January 1970 



























RE. WIDEBAND Hi. 
MM* RECEIVER 


By R. HIRST sic ltd PART FOUR OSCILLATOR MODULES 


T his part of the “Communications Receiver” will 
describe the construction of two modules; the 
2nd Oscillator and the 3rd Oscillator units (see Fig. 1.4). 
Both these modules were briefly described in part one of 
this series. 

The 2nd oscillator provides the switching signal for 
the second mixer. The crystal used is of the overtone 
variety and as indicated earlier in this series is incor¬ 
porated in an emitter circuit. The small value of 
output capacity (C42, 4-7pF) avoids damping the 
tuned circuit or introducing frequency pulling by the 
following stage (TR11). 

CIRCUIT DESCRIPTION 

Transistors TR11 and TR12 (Fig. 4.1) form a 
directly coupled amplifier which is inherently very 
temperature stable as the circuit tends to compensate 
for changes. This works in the following manner; 
assume that the base current of TR11 increases as a 
result of a temperature rise, therefore the collector 
current of TR11 will increase, causing the collector 
voltage to fall. As TR12 is an emitter follower the 
emitter voltage of TR12 will fall by a similar amount to 
the decrease in the collector voltage of TR11. This 
reduction in voltage consequently reduces the base 
current of TR11, via R48, and the collector voltage of 
TR11 starts to rise to offset the original fall. This 
obviously will apply in reverse if the temperature falls. 


crystal is purchased, which will be a few cycles low in 
frequency, a 6 to 24pF variable capacitor can be 
inserted and the frequency pulled up to precisely the 
correct value of 36MHz. However, if the crystal is high 
in frequency it becomes necessary to introduce a coil to 
pull the frequency down to the required value. 

The coil used will depend upon the amount by which 
the crystal is high in frequency however, if the crystal is 
nominally 36MHz a coil of approximately 1-5 micro¬ 
henries can be tried as a starting point. A coil similar 
to L5 in the r.f. unit can be used if approximately 
12 turns are removed. The final assembly will be 
adjustable but it may be necessary to add or remove 
turns to suit the crystal. It must be pointed out that if 
the correct crystal is obtained it will not be necessary 
to do anything other than to insert a 6 to 24pF capacitor 
and adjust until the frequency is exactly 36MHz plus or 
minus 1Hz. 

The setting up instructions indicate that the crystal 
should be removed and a 39 ohm resistor with a 470pF 
capacitor in series, should be inserted into the circuit at 
this point before adjusting L9. The reason for this is 
that it would be difficult to set the coil accurately with 
the crystal in circuit as the crystal would tend to 
indicate a constant frequency. If the coil is adjusted so 
that the free running frequency of the oscillator is 
accurate, the final circuit after the crystal has been 
re-inserted will be far more stable. 


CRYSTAL TUNING 

From the circuit diagram (Fig. 4.1) it is apparent that 
either a coil or a capacitor may be used in series with 
XI, both of which would be adjustable. If the correct 


2ND OSCILLATOR CONSTRUCTION 

The construction of this module should be undertaken 
in exactly the same way as has been described for 
previous modules. Points a and b shown on the 



Table 4.1. 

2nd OSCILLATOR 
D.C. VOLTAGES 


Stage Voltage 


4-5V 
3-9V 
6-7V 
I-25V 
O-SSV 
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Second Oscillator Unit (36MHz) module 


NEOSIO 



o O . 

I-1 l9...5V 4 TURNS OF 32 SWG SINGLE 

c ENAMEL WIRE WOUND ANTI¬ 

CLOCKWISE WHEN VIEWEO 

F l — 4 FROM UNDERNEATH 


BOTTOM 

U 11 11' CORE VIOLET 

0-5|iH 


Fig. 4.3. Coil winding details 


circuit diagram (Fig. 4.1) and on the construction 
diagram (Fig. 4.2) should be shorted temporarily 
during construction to facilitate initial d.c. checks on 
the circuit. The crystal XI should be wired up in such 
a way that it is easily removed for setting up purposes. . 
Coil winding details for L9 are given in Fig. 4.3. 

SETTING UP INSTRUCTIONS 

Equipment required: 

(a) Power Supply, 24V 50mA. 

(b) Valve Voltmeter capable of measuring 1 volt at . 
36MHz. 

(c) Counter capable of measuring 36MHz plus or 
minus 250Hz. 


Resistors 
R40 l5kQ 
R4I 8-2kO 
R42 560H 
R43 3900 
R44 560 0 


2nd Oscillator 

R45 l-5kO 
R46 I00O 
R47 1000 

R48 56kO 
R49 1200 


Ail ±W to high stability, carbon film 

Capacitors 

C40 60pF polystyrene ±2-5% (39pF and 22pF in 

parallel) 

C4I IIOpF polystyrene ±2-5% (lOOpF and lOpF 

in parallel) 

C42 4-7pF polystyrene ±2-5% 

C43 0-lftF polyester or foil 


C44 0-ljiF ‘ polyester or foil 
C45 0-47ftF polyester or foil 


Transistors 
TRIO 2N9I8 
TRII 2N9I8 
TRI2 2N3866 


XI Overtone crystal (60Hz to 160Hz. below 
36MHz) 

SK7 Coaxial chassis mounted socket 
TOS Heatsink 

PL6/a, b, c, d Lead through connectors (4 off) 
Veroboard 3£in x 3£in, 0-1 in grid. 




Fig. 4.2. Component layout and wiring of the 2nd oscillator module 
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Fig. 4.4. Circuit alterations for setting 
for the correct crystal, (c) connection ft 

PROCEDURE 

Apply a positive voltage of 24V to the correct 
terminal (PL6/a) and the negative of the power supply 
to the earth terminal (PL6/b). Check all the potentials 
at the base, collector and emitter of all the transistors to 
ensure that they correspond with the levels given in 
Table 4.1. If these voltages are correct, replace the 
crystal with the resistor capacitor network shown in 
Fig. 4.4a. Connect the counter to output SK7 and 
adjust the frequency with L9 to read 36MHz as near as 
possible. Re-connect the crystal (removing the resistor 
capacitor network) and check the output frequency. If 
the frequency is lower than 36MHz, connect a capacitor, 


up: (a) to set up L9, (b) e... 

>r a crystal which is high in frequency 

variable from 6 to 24pF between points a and b as 
shown in Fig. 4.4b. Adjust this capacitor until the 
output frequency is as near 36MHz as possible. If the 
frequency is too high then in place of the variable 
capacitor insert a coil similar to that described earlier 
in tne text and adjust the coil until the frequency is 
36MHz (see Fig. 4.4c). As previously mentioned, if the 
correct crystal is purchased then it should only be 
necessary to insert the capacitor and adjust as indicated. 

Finally the output voltage at SK7 should be checked 
with a valve voltmeter to ensure that the output is 
approximately 0-8 volts when terminated in a 50 ohm 
load. 


THIRD OSCILLATOR 



Third Oscillator Unit (2MHz) module 


The Third Oscillator Unit (2MHz), which was 
briefly described in part 1, provides the switching 
frequency for the last stage of frequency conversion, 
rhis oscillator uses two transistors with a 2-0MHz 
fundamental crystal in series connection. 

CIRCUIT DESCRIPTION 

Two transistors have been used in this particular 
circuit (see Fig. 4.5) so that the loading effect of the 
crystal and its series network is not placed directly 
across the collector of TR23 (thus reducing the gain to 
such an extent as to damp the ability of the circuit to 
oscillate). Transistor TR23A presents a relatively high 
impedance to the collector of TR23, thus promoting 
gain in the first stage, and at the same time provides a 
low output impedance to feed the crystal network. 

The crystal is used in its series mode whereby the 
short circuit characteristic of the crystal in this type of 
connection provides a short circuit to the positive 
feedback signal at the required frequency of 2-OMHz. 
At either side of the operating frequency the crystal 
rapidly goes into a high impedance state thus effectively 
blocking the return path for positive feedback. 

Transistor TR23 is operating in a grounded base 
configuration and the bias for both the transistors is 
developed by the potential divider comprising, R50 and 
R51. Capacitor C50 decouples the base to a.c. and has 
been placed on the underside of the board to keep the 
leads as short as possible. The crystal is pulled onto 
frequency by C51 which is in parallel with the larger 
fixed capacitor, C52. 
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The following pair of transistors, TR24 and TR25 
form a directly coupled amplifier giving an output of 
approximately 1 volt at 2-OMHz into a 50 ohm load. 
Transistor TR25 is run at rather a high emitter current 
to keep the distortion to within a reasonable level. 

CONSTRUCTIONAL DETAILS 

Once again this module is constructed on plain 
Veroboard (see Fig. 4.6) and, where possible the 


component leads are used for wiring connections. 
There are no inductors in this module so construction 
can commence once all the components have been 
obtained. Capacitor C50 should be connected in such 
a way that it can be removed easijy, if this proves 
necessary, during the setting up of this module. 

An extra output socket (SK9) has been provided to 
enable the constructor to more easily set up the final 
receiver once the whole equipment has been built. 




Fig. 4.6. Component layout and wiring of the Third Oscillator module 
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COMPONENTS 


NEWS BRIEFS 


Resistors 

R50 I5kn 
RSI 8-2kO 
R52 390n 
RS3 l-2kn 


R54 l-8kn R58 1000 

R55 l-2kQ R59 56kO 

R56 5600 R60 1000 

R57 5600 R6I IOOO 


All i-W to high stability, carbon 

Capacitors 

C50 0-01 nf ceramic 
C5I 6-24pF ceramic trimmer 
C52 I OOpF polystyrene 2% 

C53 0-47/iF polystyrene 
CS4 0-1 M F polyester 
C55 l20pF polystyrene 2% 

C56 56pF polystyrene 2% 

C57 0-47^F polyester 
C58 0-I^F polyester 

Transistors 
TR23 2N9I8 
TR23A 2N9I8 
TR24 2N9I8 
TR25 2N3866 


Miscellaneous 

X2 2-OMHz series resonant crystal 
SK8, 9 Coaxial output sockets (2 off) 

PL7/a, b, c, d Insulated lead through connectors 
(4 off) 

T05 Heatsink 

Veroboard 3£ x 3£in, 01 in grid 


SETTING UP INSTRUCTIONS 

Equipment required: 

(a) Power Supply, 12V at 60mA. 

(b) Valve voltmeter capable of measuring 1 volt at 
2MHz. 

(c) Counter capable of measuring 2 0MHz plus or 
minus 100Hz. 

PROCEDURE 

Apply the correct potential across PL7/a and b, 
switch on and check that the voltages at the base’ 
collector and emitter of all the transistors correspond 
to the levels indicated in Table 4.2. If these voltages 
are correct to within 10 per cent a 50 ohm resistor 
should be connected across SK8 and a valve voltmeter 
connected at this point to ensure that there is some 
output. 

A counter can now be connected to SK9 and the 
frequency adjusted to 2 0MHz, plus or minus 1Hz, by 
c /l- It ma y be necessary to slightly change the value 
of C50 if the crystal cannot be pulled up to the required 
frequency. This could happen if the correct crystal has 
not been used. It is not essential to use the crystal 
specified but if an unknown device is used it may well 
present problems and the values of C52 and R54 may 
have to be experimented with. 

. Once the circuit is oscillating at the required 
frequency the output voltage should be checked with 
the valve voltmeter to see that the level lies between 
0-6 volts and 10 volt r.m.s. 


Note: the panel sizes given under “You Will Need” 
Fig. 2.1 should be used, not those given in the diagram. 

In Fig. 2.4, R7 should be joined to TR3 emitter. 


Next month: Details of the Sideband Filter Unit 
and the A.F. Unit 


Computerised Power 

\A/hen Hunterston ”B”, the 1,250 megawatt nuclear 
Y Y power station being built for the South of Scotland 
Electnctty Board, becomes operational in 1973, over 
6,000 different points in its dual advanced gas cooled 
reactor (AGR) system will be monitored continuously by 
tw ° Honeywell 316 computers working hand in hand. 

The £300,000 Data Logging and Monitoring System, 
developed by Honeywell in conjunction with The Nuclear 
Ho S er ■ , roup ^d., will provide the station's operating 
staff with regular logs of all plant conditions and will 
instantly bring to their attention deviations from certain 
normal plant conditions. 

The two computers of the system, using predetermined 
priority lists, will continually scan the gas outlets and 
thermocouples connected to each of the two reactors as 
well as a wide range of other parameters associated with the 
complete reactor/boiler/turbine system. As the reactor 
data is collected the computers will compare it with preset 
alarm limits and then, at the completion of each scan, 
print details on logging typewriters located in the station’s 
control complex. If the values of particular monitoring 
points fall outside the corresponding alarm limits, the 
system will indicate the alarm condition by printing the 
relevant data in red. 


Radar Alarm System 

C horrock Security Systems Ltd., Blackburn, Lancashire, 
a subsidiary of Hawker Siddeley Dynamics, have 
introduced a new range of burglar and intruder detection 
devices using microwave Doppler radar. Until recently 
the cost of generating microwaves made radar too 
expensive for most intruder detection systems. But 
recent research by the Royal Radar Establishment, and in 
Shorrocks own laboratories, has now developed a tech¬ 
nique of using a Gunn Diode to produce microwaves from 
a six volt torch battery. 

Using this system Shorrock’s have produced a complete 
range of portable and fixed radar-operated equipment 
which can detect intruders at distances of up to 50 yards. 

An important feature of these devices is that they can be 
programmed to differentiate between a human intruder 
and accidental happenings, such as the falling of packing 
cases or the blowing about of leaves or paper, and so 
prevent false alarms. Jamming devices only cause the 
equipment to give an alarm as does the wearing of anti¬ 
radar clothing. 



P0IDTS HRISIIIC 


DOUBLE SIX (December 1969) 

Resistor R15 was incorrectly marked in Fig. 1. Its 
value should be 56kO. Also the polarity of C6 was 
shown incorrectly in all relevant diagrams—the neg¬ 
ative side should be connected to the OV line. 

Plug Connections (all plugs) shown in Fig. 4 should 
be reversed in order. 
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THE HI-FI AND TAPE RECORDER HANDBOOK 
By Gordon J. King 
Published by Newnes-Butterworth 
304 pages, 9in x 6in. Price 40s. 

S ince the author’s earlier book The Practical Hi Fi 
Handbook went out of print, several of the chapters 
therein were extensively revised and up-dated for 
inclusion in this new volume. Much additional 
material is added to make this a valuable addition to 
the bookshelf. 

The increased popularity of tape recording, from 
bird song to video recording, justifies fully the treat¬ 
ment given to the subject in this work; it must therefore 
include information on audio theory and circuitry 
generally used in hi fi equipment. 

Some of the common problems in setting up, 
operating and fault finding in audio equipment are given 
extensive treatment to enable the tape recorder user to 
get the best from his equipment. Technical terms are 
explained and associated equipment, such as turntables 
and pick-ups, microphones, f.m. radio, and video are 
also covered, since the good tape recordist frequently 
has to rely on the efficiency of these ancillary items for 
first-class results. 

Two useful appendices are given to explain amplifier 
performance specifications and list a wide range of test 
tapes and discs. 

Readers with some knowledge of audio techniques 
and circuitry will find this book easy to follow; it is not 
intended as a tutorial text book but rather to help 
those already familiar with basic fundamentals who 
wish to graduate to quality recording. 


SERVICING WITH THE OSCILLOSCOPE 
By Gordon J. King 

Published by Butterworth & Co. (Publishers) Ltd. 

176 pages, 8|in.*x 5±in. Price 38s. Od. 

P robably one of the most neglected instruments in 
the workshop, the oscilloscope, has now assumed a 
potent role as a servicing tool since the advent of colour 
television. With this renaissance has come the need for 
’scopes with a laboratory specification specially tailored 
to encompass the broad video bandwidth and short 
pulse rise times found in modern television servicing. 

In introducing the oscilloscope Mr King succinctly 
describes its function as “it takes a whole series of 
‘instantaneous’ changes—a slice of time—and lays it 
before us as a diagram”. 

The concern with diagrams, or oscillograms to give 
them their correct term, is made apparent in the 
succeeding pages. From introductory chapters 
familiarising the reader with the fundamental features 


and applications of the ’scope we are led into fault 
diagnoses by oscillogram analysis of video, syn¬ 
chronising and timebase waveforms. Typical circuit 
stages showing Y amplifier test points facilitate the 
rapid practical reproduction of those traces where 
servicing is intended. 

It is in company with the sine/square wave signal 
generator and wobbulator that the oscilloscope assumes 
its most comprehensive service capability. With these, 
hum, distortion and response tests for both video and 
audio equipment can be carried out in addition to 
visual sweep alignment of i.f. stages. 

Chapters embracing the use of these auxiliary 
instruments and the interpretation of the display 
patterns formed are adequately covered. 

Whilst many of the waveforms found in mono¬ 
chrome television are present in colour sets, the latter do 
include circuits designed to process colour signals and 
control the unique three-gun tube. For a fuller 
understanding of the waveforms involved there is a 
chapter on the basic colour principles. 

The final two chapters are concerned with stereo 
radio waveforms and the testing of audio equipment. 
In the latter we are shown how to use the “magic eye” 
to make meaningful—or should it be meaningless—the 
hi fi specification. 

For anyone owning, or intending to purchase a 
’scope, this book should prove a useful investment. 

G.G. 


TRANSISTOR AUDIO AND RADIO CIRCUITS 
Edited by A. Peters 
Published by Mullard Limited 
203 pages, 8iin x 6in. Price 30s. 

A uthoritative books of this kind giving basic 
design features and proven circuits are a valuable 
asset to any experimenter. One often finds Mullard 
circuits reproduced in technical books that are treated 
with respect and adopted in many practical projects. 

In this book we have it all “from the horse’s mouth”, 
together with background details of the designs and the 
results of laboratory tests. It follows a similar style to 
Mullard’s red paperback produced several years ago. 

The important difference here is that fundamental 
transistor characteristics are excluded, since these are 
available from a multitude of other publications. The 
space is better used on the design criteria. 

Since the publishers have got down to the business of 
printing complete circuit designs, one really wonders if 
the manufacturing techniques of transistors given in 
Chapter 1 is really appropriate. 

The remainder is intended to help circuit designers 
and constructors who have some background know¬ 
ledge of the subject and are able to adopt their own 
layout methods and know how to use test equipment. 

A complete list of the designs shown would fill this 
page, so it will suffice to mention them in broad terms 
under audio amplifiers, i.f. and r.f. stages, a.m. and 
f.m., tape recorder circuits, mono and stereo control 
circuits, test equipment, charts, graphs, and nomo¬ 
grams. Components lists are provided with current 
manufacturers’ names. Mullard have gone to some 
lengths to provide such a comprehensive book, the like 
of which will be hard to find elsewhere. To those 
interested in domestic equipment construction this will 
be money well spent. 
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By Alan Douglas, Sen. Mem. I.E.E.E. 


T HIS are concerned with the wiring of the 

pedalboard and the carpentry of the organ stool. 

PEDALBOARD TYPE 

The pedalboard used with the organ is the 30 note 
type D from Kimber-Allen Ltd. This model has full 
width concave and radiating short length pedals 
curved toe and heel board and heel springing. It has 
the advantage of being a condensed form of full-sized 
pedalboard; here the reduction being in area not in 
note compass. 

PEDAL KEYING 

As we key the pedal signals from the dividers directly 
with the foot, the 16ft and 8ft circuits are made up of 
simple single pole switches. The two are combined in 
one Kimber-Allen contact block type GB, there being 
one block to each key. 6 

Fig. 9.1 shows how the depression of a pedal actuates 
toe switches. The gold contacts are made with wipers 
which can also be bought from Kimber-Allen. These 
are type.C.W.K.S. to suit the iin contact assemblies. 

bince a metallic contact must not be made the 
turned oyer edge of the wiper has a iin of plastic 
sleeving slotted and slipped over the end. This is then 
secured by a drop of Bostik or similar cement. Note in 
Mg. 9.1 the use of a No. 3 woodscrew to adjust the 
stroke of the wiper. 

Fig. 9.2 shows the wiring of the contact blocks. 
Here the signal inputs originate from the 100 kilohm 
pedal resistors. These are then routed from the 16ft 
and 8ft sockets as described in Part Four, thence to the 
co 2, tact blocks via additional .plugs and sockets. 

,,I he 5 u in L S of the , blocks are connected to the 
16ft and 8ft busbars. The bent wires connect to the 
signal sources. When the contacts are individually 
keyed the signals are routed back by way of pins 31 and 
32 of a pedal socket to the related tone forming circuits 
I hese pins are shown in Fig. 4.1. 

ADDITIONAL PLUGS AND SOCKETS 

Before getting involved in the pedalboard wiring it is 
a good idea, to first make up the cableforms for mating 
the pedalboard to the organ console. For this two 
32-way plugs and two 32-way sockets are required 
these being identical to those called up in Fig. 4.l! 
Each plug and socket is wired with 3 ft lengths of 
p.v.c. stranded wire, the order of connection given as in 
tug. 4.1. When this is completed you should have two 
terminated looms for 16ft and 8ft pitches, one being 
shown m the photograph. 

MOUNTING THE BLOCKS AND WIPERS 

As our pedalboard is a proper radiating and concave 
one the contacts when fixed must describe an arc of a 
circle. This, means that some rigid form of backing 


must be provided beneath the keys. To achieve this 
three lin by lm hardwood battens are fixed to the frame 
as shown in Fig. 9.3. Single screw fixing is possible at 
the toe end, but brackets are necessary at the heel. 

To carry the contact blocks a strip of lin ply is 
screwed to the battens, this being supported at the frame 
side by small screwed wooden blocks. In the figure 
two strips are shown. Here, the lower one will protide 
a platform for sustain contacts if these are used 
However, more about this aspect later. 

™i n b, ocks are cemented on with Bostik. 
When those are fixed we can attach the contact wipers 
these being held to the keys by %m No. 3 woodscrews! 
ut course, the adjustment screw shown in Fig 9 1 
should also be included. 

Prior to any wiring the tails of the blocks should be 
splayed out as this will facilitate later soldering. 

WIRING THE BLOCKS 

We are now in a position to connect wires to the 
contact tails. In the accompanying photograph of the 
pedalboard underside, the extreme left-hand pedal 
will produce the highest note; the extreme right that of 
the lowest note. Using the colour code of Fig. 4.1 
and the specimen wiring diagram of Fig. 9.2 we can 
wire from the block tails for the 16ft pitch moving from 
left to right at the pedal contacts. As the loom forms it 
cord 56 supported at the P'y strip with thin nylon 

With the 30 connections made and the loom gathered 
holes can be drilled midway along the frame side for 
taking the wires through. Now the free ends are 
bared and connected to one of the 32-wav plugs called 
up in the components list of Fig. 4.1. 7 „is figure also 
gives the wiring order for the plug pin connections. 

Cannon plug and socket wired to pedalboard loom 
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— PEDALBOARD & STOOL 



Fig. 9.1. Contact block and wiper used in pedal note 
switching. Note the inclusion of the stroke adjusting 
woodscrew which makes for switching precision 


Fig. 9.2. Four representative contact blocks 
with their tails wired. All 30 blocks should 
be wired in this fashion 



Fig. 9.3. Underside of pedalboard, with keys removed, showing batten and 
strip frame in position. The upper transverse strip will carry the GB contact 
blocks, the lower strip the GJ blocks if sustain is required 
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8FT CONTACT WIRING 

For the 8ft contact wiring the procedure is the same 
and when completed this loom can be also attached to 
the strip. Again these 30 wires terminate at a separate 
32-way plug. 

The two plugs can now be fixed to the frame sides 
with wood screws and stand-off bushes, making sure 
that the contacts are clear from the wood. 

PEDAL SUSTAIN 

It is quite easy to apply sustain because we are 
assuming that only one note at a time will be played; 


hence only one sustain circuit for each pitch is required. 
The fact that only one note at a time is played means 
that we can have an electrical sustain with the advantage 
that the sustain time can be altered at will or removed 
altogether. 

In using auxiliary circuits of this kind, it is usual to 
close one contact before the other. The normal 16ft 
and 8ft pair of contacts are closed, which applies the 
bias to the sustain device. 

There is no convenient single pole organ contact on 
the market, but one side of the Kimber-Allen change¬ 
over contact type GJ is suitable. All we need is a 



The pedalboard used with the 
organ is the 30 note type D from 
Kimber-Allan Ltd. On the right-hand 
side are the 8ft and 16ft Cannon plugs 
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simple single pole switch, but it is an advantage to use 
the K-A parts because the point at which closure is 
made is so easily and accurately adjusted by the stroke 
setting screw of the wiper. 

If we intend incorporating sustain then the GJ 
contacts and wipers should be attached, the former 
being cemented to the lower transverse ply strip. The 
sustain switches are wired in parallel. This is made 
clear in Fig. 9.4. When all solder connections are 


made, the two free ends are terminated at pins 31 and 32 
of the plug that has these pins vacant. 


SUSTAIN CIRCUIT 

In Fig. 9.4 is shown the sustain circuit. Two of these 
are required, one for the 16ft pitch and one for the 8ft. 
Since this is basically a gate it can be inserted before the 
pedal pre-amplifiers. 


POWER SUPPLY FOR PEDAL SUSTAIN GATE 
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Fig. 9.6-ORGAN STOOL 


PLASTIC LAMINATE 


FIXING BLOCKS GLUED 
AND SCREWED ON 


SEAT CHAMFERED 
AT 45° ALL ROUND 



PLASTIC LAMINATE 


MORTISE 2^ X 


FEET GLUED AND / 
SCREWED TO END PIECES 


Cutting List 





End Pieces 

(2 

off) 

25in x 

lOin x 

i'n 

Side Rails 

(2 

off) 

44in x 

2fin X 

Jin 

Stretcher 



48in x 

2}in x 

Jin 

Wedges 

(2 

off) 

Sin x 

IJin x 

Jin 

Feet 

(2 off) 

I2in x 

2Jin x 

Jin 

Fixing Blocks 

(6 

off) 

2|in x 

IJin x 

Jin 

Fixing Blocks 

(2 

off) 

8Jin x 

IJin x 

Jin 

Seat 



44in x 

lOin x 

Jin 

Also required: 

Plastics Laminate; 

1 Jin x No. 8 

countersunk woodscrews and 

glue. 



Practical Electronics January 1970 
























SUPER BARGAIN STOCKTAKING SALE!!! 
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The circuit functions as follows. A blocking 
voltage of +12V charges the sustain capacitor C2 
through R3. With this charged it reverse biases the 
diode D1 through R2. The pedal signal can pow pass. 

When A pedal is depressed, —30 volts is applied to 
C2 through R5, charging it negatively. This voltage 
then, passes through R5 to the diode Dl, forward 
biasing it and allowing the signal to pass. When the 
key is released, the' +12 volt input again charges C2 
and blocks the signal off. If the sustain switch SI is 
opened, the resistor R2 is introduced between the 
+12 volt input and C2 resulting in a long charging time, 
which in turn results in delayed reverse-biasing of the 
diode. 

By selection of R2 we can get a sustain of up to about 
four seconds, and by shorting it out, we get instantaneous 
“speech”. This is a very useful feature, especially if 
one’s pedalling technique is lacking. 

A small additional power supply is required to 
provide the necessary voltages and this is given in 
Fig. 9.5. For the sustain switch SI, one of the spare 
stop units can be used. 

ORGAN STOOL 

The most important requirement for an organ stool 
is absolute rigidity. To ensure this wedges were used to 
fix the stretcher as shown in Fig. 9.6. If the wedges 
were to work loose they can easily be tapped back tight 
with a mallet. 

First the end pieces are cut to size from mahogany, 
the dimensions being given in the cutting list. Shoulders 
are then cut in the top corners of each piece, these being- 
2fin by iin. These eventually contain the ends of the 
side rails. 

A 2iin by |in mortise is th?n cut at the centre of the 
width and 6iin up from the bottom of both end pieces. 
This last dimension is most important as the stretcher 
when in position in the mortise must be clear of the 
pedalboard. 

Next the two side rails are cut to length. Then two 
iin diameter countersunk holes are drilled ^in from 
each end through the thickness of the timber. With 
these rails completed, the third rail or stretcher is 
tackled. This is longer than the other rail as its tenons 
will have to protrude through the end pieces. 
Dimensions for making the tenons are shown in 
Fig. 9.6. 

, The feet and the seat can now be cut to size. In 
completing these a fin chamfer at 45 degrees was made 
at the edges. 

To hold the seat in position, screw blocks are cut, 
glued and then screwed in position. With the seat 
glued and the feet attached the stool can be finally 
rubbed down with glass paper. 

FINISHING 

As a decorative surround, black plastic laminate can 
be glued at the stool side. 

The feet are painted black and the remaining wood 
surface is given two coats of matt polyurethane varnish. 

CORRECTIONS PART—7 (November 1969) 

Note: In Fig. 7.2, page 832, the resistor at 21 BillD 
should read R3; the resistor at 29B/29C is R5; the 
resistor at 29D/29H should read R4. In Fig. 7.3 there 
should be a break in the copper strip at hole 16 F. 

Next month we will commence construction 
of the loudspeaker enclosure and final organ 
tuning. 


NEWS BRIEFS 


Faraday Lectures 

T he forty-first in thp series of Faraday Lectures arranged 
by the Institution of Electrical Engineers are being 
given by Mr J. H. H. Merriman on the subject “People, 
Communications and Engineering”. Mr Merriman is the 
Senior Director (Development) with the Post Office and is 
also member for technology on the board of the Post 
Office Corporation. Deputy lecturer is Mr C. A. May, 
Staff Engineer in Post Office Telecommunications Develop¬ 
ment Department. 

The Lecture is being given in 13 towns in the British 
Isles; the first was at Rugby, followed by Southampton 
and Bristol. Other venues will be as listed below. 

The Faraday Lecture series spotlights various aspects of 
modern electrical and electronic science and technology in 
straightforward language for the general public. Special 
presentations for students are being arranged at all towns' 
on the tour. Members of the public are admitted by 
ticket, free of charge, to these lectures. 



Flying Laboratories 


ey are HS748 aircraft which have been fitted with the 
est flight inspection equipment. This equipment will 
be used to check to high standards of accuracy the ground 
navigational aids used by civil aircraft. The use of these 
aids is a major contribution to safety in the air, particularly 
in poor weather conditions. The growth of air traffic 
demands more aids to navigation; to ensure that aircraft 
maintain regularity and correct separation. 

Accepting the aircraft from Hawker Siddeley Aviation 
at Stansted Airport, Mr Goronwy Roberts, M.P., Minister 
of State, Board of Trade, said the work of the Unit was 
vital in the cause of air safety. The new aircraft will be 
used to commission and periodically check, radar and 
radio aids to air navigation. He instanced the increasing 
number of instrument landing systems being installed, at 
United Kingdom airports to meet the latest developments 
in automatic approach and landing, in which Britain 
probably led the world. 


Microcircuit Film 

M ullard have added a new 24 minute colour film called 
“Something Big in Microcircuits” to their library 
(available to interested persons from Mullard Film 
Library, 269 Kingston Road, Merton Park, London, 
S.W.19). 

The film begins with a look at a typical integrated 
circuit and goes on to show the basic processes of Manu¬ 
facture of the I.C.* A detailed account of actual manu¬ 
facture is then shown and the film finishes with a reminder 
that microelectronic design and manufacture is a con¬ 
stantly and rapidly changing process, and although the 
film shows the basis of microcircuit manufacture, the 
actual processes used may soon be out-dated. 
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peak sound |0 englefield 



THE SPECIFICATION 


Proved-performance high fidelity 
with specification guarantee 

The Peak Sound Englefield is a new system which assembles from 
laboratory designed modules to provide a cost-performance ratio 
which has never been bettered in high fidelity. Here is top-flight 
circuitry housed in a cabinet of elegantly original design which is 
both beautiful and completely practical back and front. By assembl- an wan. 

ing these Peak Sound units, you can own one of the best high i^oi% Dlstortlon at 1 KHzat10watt 

fidelity instruments you have ever heard or seen and all for a cost of | nput sensitivities: Mag. pu. 3-5 mv. r.i.a.a. 

about £38. The assembly is supplied complete down to the neces- equalized into mko: Tape. ioomv linear into 

sary connecting wires supplied colour coded, cut to length and ov^w/factor 29dB onaiunputchannels, 
stripped at the ends for soldering. You can use the Englefield signai/noise ratio: -65dB on aii inputs, voi. 
Cabinet design to house either the 12 + 12 watt system similar to control at max. 

that published in Practical Wireless, or the 25 + 25 watt system as M° ntl / I st V °' U on/ofrBaian^e Lowpass Fllter ' 

approved for the Hi-Fi News Twin Twenty by Reg Williamson. Go ono ereo n 
to your stockist and ask to see and hear Peak Sound equipment 
now or send for details. 

Matching F.M. Tuners will be available very shortly. 

and this is the Peak Sound Specification Guarantee 

Peak Sound guarantee that their equipment meets all specifications as pub¬ 
lished by them and that these are written in the same terms as used in equipment 
reviews appearing in this and other leading British hi-fi journals. Audio output 
powers are quoted at continuous sine wave power in terms of Root Mean 
Square values (R. M.S.) into stated loads at stated frequencies. 


THE MODULES 



Details of Englefield sy 
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Report from 
AMERICA 


3Y L.HUGGARD B.Sc. 

. HAMFEST ... AND VARACTORS . . . 


A “Hamfest” in the United States is a get together of 
radio amateurs to trade equipment and parts, and ot 
course to consume beer. The Cincinnati “Hamfest is a 
traditional happening which has been growing successfully 
for over 30 years, as the 20 year holder of the 
presidency happily assured me. By afternoon the 
previous year’s gate of just over 2,000 had been 
comfortably exceeded. . . . 

It is organised by the Greater Cincinnati Amateur 
Radio Association who charge five dollars admission, 
extracted under a large sign saying ‘Flea Market! 
The admission ticket is a passport to unlimited free beer 
two substantial picnic meals and various other snacks, and 
the ticket number is entered in the hourly prize draws 
throughout the day. 

OPEN MARKET J u 

The wheeling and dealing is conducted by the amateurs 
round the open boots of their cars packed into a picnic 
ground taken over for the day, on the outskirts of the city. 
Here the unwanted junk of the previous year, bearing a 
hoped for price with occasionally an exhortation to 
“Fight Poverty, Buy Something” competes with the some¬ 
what more professionally displayed wares of the Govern¬ 
ment surplus and surplus components dealers, whilst some 
new equipment manufacturers trade from the grandeur ot 
the bad weather shelter. , , , . 

The goodies on display defy cataloguing, and ranged in 
price from thousand dollar brand new transmitter receivers 
with digit frequency readout to new transistors at two cents 
each. There were amateur built pieces of equipment. 
There were old scopes with indignant spiders busily 
repairing their disturbed webs amongst the tubes. There 
were early post World War One service radio equipment 
and even older devices. 

There were cameras, lenses, air-compressors, clarinets, 
trumpets, and all sorts of pickings with knobs and without. 
Best of all were the boxes of pure junk, fitting accompani¬ 
ment to another paper carton of free beer. 

No matter what one wanted, in the dark corner under 
the spare wheel of some car, there it would be. 

FUN AND GAMES 

For the more frivolous there were ‘ hunt the transmitter 
games, but to play it was best to have remembered to bring 
a 440MHz receiver; the lazy alternative was to go and lie 
in the sun and watch the demonstration radio controlled 
model planes shave the trees. . , , . 

The man in the flamingo pink cap just had to be an 

Englishman He was. Now after nine years in this 
country a company vice president and operator of station 
WA8QXU, which he assured me could be heard in 

Br The n ’prize draw in the late afternoon was the final 

adrenalin raiser, after which for many inexperienced 
salesmen came the awful decision, to dump or try and 
sneak it back past the wife s eagle eye to the basement tor 
another year. 

VARIABLE CAPACITANCE DIODES 

For many applications the mechanical variable capacitor 
is doomed to extinction. Those splendid rows of shming 
plates on ball bearing spindles, so much a part of radio* will 
disappear, to be replaced by the Variable Capacitance 
Diode or “Varactor”. 
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Plastic encapsulated varactors are now being introduced 
at consumer prices. High capacitance devices which 
could be substituted for a couple of hundred puffs tuning 
capacitor are still relatively more costly. Prices are 
coming down and this state is unlikely to last. 

The capacitance effect in the diode is due to the depletion 
layer formed at the junction of the p and n type materials 
forming it. The depletion layer can be looked upon as an 
electrically neutral area, exhibiting a high resistance 
because of the lack of conduction carriers. 

The diode thus resembles a simple parallel plate 
capacitor, the p type material being one plate and the n type 
the other, separated by the dielectric, the depletion layer. 
The width of the depletion layer, and thus the distance 
apart of the “plates” can be varied by varying a reverse 
bias voltage applied across the junction. 

Varactors can be obtained with nominal capacitances 
of up to 250pF and a tuning range of ten-to-one. These 
are more expensive than lower values with reduced range. 

TUNING RATIO 

The tuning ratio is the ratio of the capacitance at the 
lower reverse bias voltage to that at the upper reverse bias 
voltage. ^ 

TR (tuning ratio) = gr- 

where C 2 = Capacitance at 2V reverse bias, 
and C 10 = Capacitance at 10V reverse bias. 

The reverse voltage cannot be increased indefinitely or 
the junction will break down at too high a value. 


A PRACTICAL EXAMPLE 

A typical tuning application 
is shown in Fig. 1. Note 
that the inductor L is in paral¬ 
lel with the series combina¬ 
tion of C and Cd, where Cd is 
the varactor capacitance. 

C is made very much larger 
than Cd so that its effect on 
the resonant frequency of the 
circuit is negligible and that 
frequency is given by 



/= 


Ivy/LCe 


Fig. I. Note that diode 
is reverse biased by 
potentiometer VR 


C blocks the bias voltage from the coil, which would 
otherwise provide a low resistance path for bias currents, 
reducing the voltage across the varactor. VR can be 
large, about 470 kilohms, so that the bias circuit loading of 
the tuned circuit is small. , . , , . „. 

The reverse resistance of the diode is large and virtually 
the whole of the voltage picked off the potentiometer VR 
appears across the tuning diode. The circuit is thus tuned 
by varying the setting of the potentiometer. There is one 
snag, the maximum signal appearing across the tuned 
circuit must be much smaller than the minimum bias 
voltage applied to the diode or serious intermodulation 
distortion will result. . ._ 

An obvious use for such a circuit is to permit tuning by 
remote control, and the ingenious can carry o 


n from there. 














This article is an extension of the EMMA 
project published in the March and April 1969 
Practical Electronics. It is expected 
that readers wishing to add EMMA’s new 
capability will be familiar with the previous 



articles; the component numbering is carried 
on from the earlier circuits and reference is 
made to diagrams in the March and April 
1969 issues. We regret that we are no longer 
able to supply copies of these issues. 



Complete "Educated EMMA", 
now with three circuit boards 


S ince the formative weeks following EMMA’s 
rather difficult birth back in March she has, as we 
would have expected, already come of age. Indeed 
she now exhibits a kind of self-preservation awareness 
which encourages her to perform simple work tasks for 
a living. More accurately, given the right situation 
EMMA really “wants” to work because to do so is 
now part of her make-up and she can learn that quite 
often this will pay-off. 

hi order to embody this new faculty EMMA’s shape 
has filled out just a little with an additional circuit 
board. However, the modifications to her existing 
systems are not unduly complicated and the keen 
Bionics constructor will probably be overjoyed to 
know that at last he can have a semi-intelligent 
animal. 

ANATOMICAL CHANGES 

To encourage EMMA to work in return for reward 
requires a few extra circuit blocks and if the reader 
refers to Fig. 1, a clear impression of the technique will 
be gained. 

.-..Tl? ^ philosophy behind the original scheme for 
EMMA has not been changed drastically, but there are 
now included such items as a Schmitt trigger which 
monitors the supply voltage level and of course the 
inevitable learning circuit with which by now we must 
all be familiar. This embodies a pair of monostables, 
one (the extension monostable) having a duration of 
20 seconds and the other (the differential monostable) a 
period of 1 second. 


As usual there are also included an and gate and a 
summer with its attendant learnt threshold Schmitt 
which triggers upon the summer level reaching some 
pre-determined value. 

DESIGN PHILOSOPHY 

Now.it is intended that EMMA should learn to work 
so this implies that she must additionally have a need to 
work in the first place. If a situation is made 
sufficiently attractive she will be prepared to do some 
simple chore provided she has a previous memory of 
being rewarded. J 

a ru CSe requirements are largely accommodated by 
deliberately reducing EMMA’s muscle control supply 

[° r H Sh ^ rt pen °u dS u T his makes her hypersensitive to 
loads during which she is encouraged to carry a heavv 
book or similar object. y 

Periodically we may give her some “reward” by 
returning the supply to normal so that she realises that 
we intend to pay her when the work has been done. 

We achieve all this in a somewhat synthetic way bv 
switching out one of the cells forming part of the for¬ 
ward drive supply battery. Thus during conditioning 
her supply for the forward mode is a little less than 
3 volts unless we provide a reward, in which case it 
rises to about 4-5V. 
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The serious amateur should 
never be without this compre¬ 
hensive price list and guide to 
semiconductors and electronic 
components from RCA, IR, SGS, 

Emihus, Semitron.Keyswitch, Plessey, 

Morganite, Litesold and others (to¬ 
gether with manufacturers’ application 
data) which you can buy direct from us 
at manufacturers' prices e.g. IN914 l/3d. 

□ IN916 1/lld. □ 2N697 4l5d. □ 2N706 
2 3d. □ 2N706A 2 9d. □ 2N929 S8d. 

□ 2N1613 4 8d. □ 2N3011 9 Id. □ 2N3053 
6 1 2d. □ 2N3055 15/9d. □ 3N140 1513d. □ 
BFY50 4;8d. □ BFY51 3 9d. nBSY27 18 ■ □ 
BSY95A 3 3d. □ C407 4 6d. □ CA3012 
1813d. □ CA3014 25 6d. □ CA3020 25 9d. □ 
OA200 l/9d. □ OA202 1/1Id. 


Build the NEW Mainline Audio Amplifier kits - UP TO 70 WATTS 

The result of the combined resources of SGS 12A £7. 0. 0. 

and RCA,these quasi circuits set new standards 25A £8. 5. 0. 

in quality and performance. Each kit is complete 40A £9. 0. 0. 

with circuit diagram, all semiconductors, resis- 70A £10.10. 0. 

tors, capacitors and printed circuit board. Any two will make an outstanding stereo 

equipment. 


To: Mainline Electronics Limited, Thames Avenue, Windsor, Berkshire 

I enclose 4/-. Please send me your price list and guide Q 
I am interested in Amp Mainline Audio Amplifier Kits. Please send me ful 
I am interested in receiving data on preamplifier & power supply kits | | 
NAME_ADDRESS_ - 



(A member of the ECS Group of Companies) 
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CIRCUIT OPERATION 

TO get some idea of what will happen during the 
conditioning mode take a look at Fig. 1 again. 
Every time EMMA’s supply is returned to normal it will 
trigger the supply level Schmitt thereby causing the 
differential monostable to fire. 

Assuming just prior to this that a physical load has 
been applied then the load monitoring section will have 
previously fired the extension monostable. As a result, 
and provided the differential monostable fires during the 
time the extension monostable is in the quasi-stable 
condition, the and gate will be enabled and con¬ 
sequently the summer output level will begin to rise. 

If we repeat the process a number of times the 
existence of the reward can obviously become significant 
because the increasing level from the summer will 
ultimately reach a point where the learnt threshold 
Schmitt fires. 

Immediately this occurs the work-load acceptance 
circuit will raise the threshold of the load monitoring 
system allowing EMMA to tolerate greater loads, 
indeed, the very same kind of loads she would accept 
were her supply to be at a normal level. However, 
she has at this stage learnt to understand that her 
supply will return to normal and so she “soldiers on” in 
the knowledge that all will be well. 

Nevertheless, if we decide to stop rewarding EMMA 
her memory for the “good life” will gradually diminish 
as the summer level falls, until a point is reached where 
the load will no longer be tolerated. At such times she 
will “twist and turn”, being thoroughly intractable as 
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her normal reflexes take over and the avoidance system 
goes into operation. 

Like any real creature EMMA, given the opportunity, 
can improve her chances for continued existence by 
taking advantage of certain situations. Thus she can 
adapt herself to doing a small task if it promises some 
form of payment and just as easily give the job up if not 
adequately reimbursed. 

CIRCUIT IMPROVEMENTS AND 
MODIFICATIONS 

In h$r existing form EMMA will normally function 
quite satisfactorily and so if it is not intended to add the 
new circuitry her “neurology” can be left as it is. 
Nevertheless, there are certain improvements that can 
be made and certain modifications that must be 
attended to before adding the learning system. 

The changes are all extremely simple and so will be 
indicated in relation to the existing circuit diagrams for 
the reflex and muscle control sections discussed in the 
March and April issues of P.E. The relevant areas of 
discussion are in Figs. 2 and 5, in the March and April 
1969 issues respectively. 
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TRANSIENT DAMPING CIRCUIT 

In this circuit. (Fig. 2, March 1969) a diode must be 
added (cathode end to base of TR21) in series with R51 
to ensure that the voltage across C(5 is entirely attribut¬ 
able to the output from the load monitoring system. 
Otherwise Cl 5 can charge via VR2 and R49. Resistor 
R49 must be reduced to 470 ohms. Fig. 2 (above) 
shows the relevant section of the circuit. 


effectively reduced to zero with the result that it comes 
on and goes off almost at the same point. 

A connection from the low threshold circuit must 
also be taken from the collector of TR18; this can 
take the form of a short piece of insulated wire and may 
be coiled back out of the way until it is called upon to 
connect the reflex circuitry with the extension mono¬ 
stable discussed later. 


LOW THRESHOLD SCHMITT 

The resistor R40 must be removed and replaced with 
a diode (Fig. 2), its cathode being taken to the -4 5V 
rail of the “A" po.wer supply. This modification 
results in there being an almost constant potential 
between TRI8 and TR21 emitters and the negative 
rail. As a consequence the backlash of the Schmitt is 


MUSCLE CONTROL SYSTEM 

In earlier articjes we discussed the problem of motor 
noise; the “hash” was reduced using a pair of capacitors 
Cl7 and Cl8, across the motors (Fig. 5, April 1969).. An 
improvement has now been embodied which really 
minimises the problem. This involves using a pair of 
6V Zener diodes connected back-to-back (as shown in 
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Don't read on unless you re feeling really strong. This ^ ^ u ( ^d,ng pacL ;ng and P ostage) 

book will start you on a mad, crazy spending spree. « m a a 

It's got everything, but everything for the do-it-yourself So fill id the COUDOH HOW.If VOU dare. 

radio and hi-fi man. ■ —■- ■—.— . 

Everything from a vast range of electronic components [ 
available to the home electronics constructor, to.a 
complete range of equipment for the radio "ham” 

What's the book? 

The Electroniques Constructors Catalogue. 

Only the most exciting, mouth-watering items are there. 

Carefully placed in 6 sections for easy reference. And 
backed by truly efficient sales service. 

So if you order any of the vast selection of goods, you're 
sure to get it pretty soon. 
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How do yon 
measurethe 
extra quality 
of EMI ~ 


speakers? 



sound 

EMI are famous throughout the world 
for High Quality sound reproduction. 
Now our audio design engineers have 
developed loudspeaker systems suitable 
for home use. 

These EMI Loudspeaker Systems, spec¬ 
ially matched, produce every detail of 
the original sound over the full audio 
spectrum, at high and low listening 
levels. 

They have many exclusive features. The 
range includes the unique 950 system 
with a 19 inches x 14 inches bass unit, 
power output 50 watts R.M.S. 


Send for literature and price lists to: 

I EMI 

EMI SOUND PRODUCTS LTD.,HAYES. MIDDX. TEL: 01-573-3888 EXT. 667 


TECHNICAL 

TRAINING 

in radio television 
and electronics 


Whether you area newcomer to radio and elec¬ 
tronics, or are engaged in the industry and wish 
to prepare for a recognized examination, ICS 
can further your technical knowledge and 
provide the specialized training so essential 
to success. ICS have helped thousands of 
ambitious men to move up into higher paid 
jobs—they can help you too! Why not fill in 
the coupon below and find out how? 

Many diploma and examination courses available, 
including expert coaching for: 

• C. & G. Telecommunication Tech ns’. Certs. 

• C. & G. Electronic Servicing 

• R.T.E.B. Radio/T.V. Servicing Certificate 

• Radio Amateurs' Examination 

• P.M.G. Certs, in Radiotelegraphy 

• General Certificate of Education, etc. 

Examination Students coached until successful 
NEW SELF-BUILD RADIO COURSES 

Learn as you build. You can learn both the theory and 
practice of valve and transistor circuits, and servicing 
work while building your own 5-valve receiver, transistor 
portable, and high-grade test instruments, incl. pro¬ 
fessional-type valve volt meter—all under expert tuition. 
Transistor Portable available as separate course. 

POST THIS COUPON TODAY 


for full details of ICS courses in Radio, T.V. and Electronics 



INTERNATIONAL CORRESPONDENCE SCHOOLS 
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Fig. 4. Circuit diagram of the new “ B*' power supply and 
switch wiring 


Fig. 3) across each motor. Noise spikes of either 
polarity and in excess qf the Zener voltage of one diode 
and the forward voltage drop of the other are thus 
suppressed. 

Additional diodes (D12 and D13) are connected in 
series with R61 and'R.63 (cathodes to the bases of TR28 
anti TR32 respectively) and also D14 in series with R66 
(anode to collector of TR33). These are included to 
prevent any paths between the supply being monitored 
(the “forward” half of this supply) and the supply 
which feeds the monitoring circuit (“A” supply). 

For similar reasons the load monitoring circuit is now 
not run from the “A” supply and suitable arrangements 
muSt be made to reconnect R64 and R66 to the negative 
rail of the “A” supply. The resistor R65 must go to 
the positive rail of the “A” supply and is shunted with 
the series combination R69, VR4,. and TR34 (Fig. 3) 
which constitutes the work load acceptance circuit. 

“B” POWER SUPPLY 

The forward-mode battery (type 126) of the “B” 
supply requires a small modification so that either 3V 
or 4-5V may be obtained. . This entails carefully 
opening the paper flap at the top of the battery with a 
razor blade and taking a connection from the 3V 
tapping (i.e. one cell down from the positive side of the 
battery). The 4-5V and 3V outputs thus obtained are 
then taken to a double pole changeover microswitch 
(Fig. 4) so that in use EMMA’S forward operation can 
be obtained from either normal or reduced supplies. 

This completes the various modifications to the 
existing hardware and we are now in a position to 
concentrate on the learning system, also to the way in 
which it interconnects with the rest of EMMA’S person 
(see Fig. 5). 

SUPPLY LEVEL MONITORING 

This circuit comprises a Schmitt trigger which is 
similar in form to the type mentioned earlier (i.e. it has 
extremely little backlash) and has its input connected 
via R71 to VR5 which goes to the positive rail of the 
“B” supply. Adjustment of VR5 sets the threshold 
at which the Schmitt fires; generally this need only be 
just at the “B” supply level and no lower. 

The.capacitor between TR35 base and the negative 
rail of the “A” supply prevents transients switching the 
Schmitt. 
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Ortce - set-up the Schmitt trigger will switch whenever 
the voltage at the positive rail of the “B” supply falls 
below normal (influenced by operation of the micro¬ 
switch). Hence TR35 will turn off an<! TR36 will come 
On with the result that TR37 will cease to conduct. 
With TR37 collector positive TR34 will turn off and 
consequently EMMA wilj be extra sensitive to loads. 

When the supply is returned to normal TR35 will 
again turn on and TR36 will turn off. At this time tl\e 
positive voltage at TR36 collector will be passed to the 
differential monostable causing it to fire. Simul¬ 
taneously, TR37 will turn on again thereby raising the 
load threshold. 

DIFFERENTIAL AND EXTENSION 
MONOSTABLES 

Both monostables are a little unconventional in that 
they each use extra transistors forming the Darlington 
pairs TR38, TR39 and TR44, TR45. These provide 
higher gain and hence permit larger timing resistors to 
be used. 

Diodes D22 and D23 provide a fair degree of noise 
immunity and so prevent the monostables from 
triggering prematurely if any short-term voltage drop 
occurs on the “A” supply. Under such conditions D22 
and D23 are reverse biased and the associated capacitor 
(C21 or C22) effectively bridges the interval during a 
voltage drop “holding-up” the collector of the transistor 
that is turned off. 

The extension monostable is triggered from the load 
threshold Schmitt and fires whenever the load exceeds a 
certain level. As mentioned earlier the differential 
monostable triggers whenever the positive end of the 
“B” supply is returned to normal. 

COINCIDENCE GATE 

The coincidence (and) gate comprises TR41 and 
TR42. Assuming a sufficiently heavy load has been 
applied to EMMA then .the extension monostable will 
have fired hence turning off TR42. 

If during the 20 second period of the extension 
monostable the positive rail of the “B” supply has been 
returned from lpw to normal then the differential 
monostable will be triggered. 


View of “Educated EMMA" showing the position of the 
new circuit board 
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QUALITY COMPONENTS AND EQUIPMENT 


NEW RANGES FOR THE AMATEUR AND PROFESSIONAL USER 



* QUALITY PANEL METERS 





3|C TRANSISTOR POWER AMPLIFIERS 


Leather case 28/A 


* SINE; SQUARE WAVE AUDIO GENERATOR 


* DELUXE SINE-SQUARE WAVE RC AUDIO GENERATOR 




ORC27A Price £2810 0c 


*VACUUM TUBE VOLTMETER 


I * 20,000 OHMS PER VOLT 





* PORTABLE OSCILLOSCOPE 





j|< DC STABILISED POWER SUPPLY 


* FIELD STRENGTH METER 

?A* Ca ”* Price 72/6 pp. 2 /- 


INT6RCOHMS 


yiisLrAio°.?rSig- e*!;; 1 ?,;*- 


* SIGNAL INJECTOR 


Suppliers of 
quality 
components 
and 

equipment 
for over 
25 years 


COMPONENTS 
UK's largest 
supplier of 



DOSIMETER POCKET-TYPE 


STEREO HEADPHONES 


S CALL FOR DEMONSTRATION^ 





WELLER^SOLDERING 


•MULTIMETER MyZ 


CATALOGUES-TWO NEW EDITIONS NOW AVAILABLE SEE BACK COVER FOR DETAILS (h 


HENRY’S RADIO LTD. 

303 & 309 Edgware Rd. London W2 


jmponenta/Equipment/Organ 


L ORDERS TO '303' 


EN ALL DAY SATURDAY. 
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Fig. 6. Component layout and wiring for the new board: 
(a) component side, (b) copper side showing breaks in the 
copper strips 


Transistor TR41 will also turn off, and the common 
collector point of TR41, TR42 will go positive for a 
time, essentially determined by the period of the 
differential monostable, i.e. one second or less if the 
extension monostable is close to the end of its quasi 
stable state. The output from the coincidence gate is 
taken to the summation circuit. 

SUMMATION CIRCUIT AND “LEARNT” 
THRESHOLD 

As implied by its designation, the summation circuit 
adds or integrates the output pulses from the coincidence 
gate and comprises TR48 and its associated com¬ 
ponents. Capacitor C24 and R94 provide a time- 
constant sufficiently long to ensure that the maximum 
summation limit extends to accepting greater than 15 
input pulses. 

Unwanted discharge of the capacitor is minimised by 
inclusion of D27 and by the very high input impedance 
presented by TR48 which is an f.e.t. Initially TR48 will 
be conducting, but as pulses from the coincidence gate 
gradually charge C24 so the voltage at TR48 source 
will climb towards the positive rail. 

At some level of summation, dependent upon where 
VR6 has been set, the learnt threshold Schmitt will 
switch causing TR37 to turn on. This condition will 
remain until the level on C24 drops below the point 
necessary to maintain the Schmitt in the triggered state. 

However, due to the reasons discussed earlier this will 
take a fair time and consequently TR37 will remain on 
to ensure that EMMA accepts higher loads at low 
supply levels. Of course, if this state of affairs is not 
reinforced periodically by giving EMMA a short 
rise in her “B” supply level then the voltage across C24 
will gradually decay to a point where the load threshold 
drops again. 


CIRCUIT BOARD CONSTRUCTION 

The method for layout and wiring of the learning 
system circuit board is shown in Figs. 6a and 6b. 
Depending on the potentiometers used the Veroboard 
may require some drilling, however, all other com¬ 
ponents are mounted by way of their individual leads. 
The board itself is attached to the existing reflex board 
by 18 s.w.g. wire soldered to its four corners. 


Underside view of EMMA showing the new circuit board 
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It is important to note that all necessary breaks in the 
copper strip should be made prior to mounting the 
various components. Care should be taken to 
ensure that the complete width of the copper has been 
removed at each break. 

Always mount transistors and diodes last and be sure 
not to keep them in contact with the soldering iron 
longer than necessary. 

CHECKOUT 

When the work on the circuit board has been 
completed it should be carefully examined to make sure 
that no dry joints or solder bridge-overs exist and that 
all components are carefully connected. It can now be 
inter-connected with the remainder of EMMA’s 
anatomy. 

Set EMMA’s muscle control and the reflex system 
switches on. Connect a meter between the zero point 
of the supply batteries and the positive rail of the “B” 
supply to ensure that the level is approximately 4-5V. 
Operate the microswitch and check that this level falls 
to 3V. Release the microswitch and disconnect the 
meter. Inhibit EMMA’s random generator circuit by 
turning the associated Schmitt permanently on through 
the use of VR1. Ensure that both motors are running. 

SUPPLY LEVEL SCHMITT 

Place EMMA on the ground and adjust VR2 so that 
she will carry a relatively heavy load, but goes into the 
, avoidance reaction upon bumping into an obstacle. 
Return EMMA to the work bench and with the meter 
connected between the collector of TR36 and the 
negative rail of the “A” supply, adjust VR5 until the 
supply level Schmitt just triggers, evidenced by the meter 
reading almost rail potential. Operate the microswitch 
and ensure that, the meter reading drops to near zero 
level; if not, re-adjust the Schmitt. Disconnect the 
meter. 

Now place EMMA back on the ground and replace 
the load. Ensure that, as before, the avoidance 
.reaction does not occur unless she meets with an 
obstruction. Operate the microswitch and check that 
both EMMA’s speed is reduced and that she 
immediately goes into the avoidance mode. If she is 
functioning correctly return EMMA once more to the 
table. 

DIFFERENTIAL AND EXTENSION 
MONOSTABLE 

'Connect the meter between the common collector 
point of TR41, TR42 and the negative rail of the “A” 
supply; there should be an almost zero reading. 

Now simulate a load by stalling the road wheels and, 
shortly following this, operate the microswitch. 
There should be a reading of almost rail potential. If 
npt, check that the differential and extension mono¬ 
stables are functioning—the meter connected to either 
TR40 or TR43 collector will establish this following 
triggering. 

Transfer the meter to the source of TR48. Momen¬ 
tarily short out C24 when the meter reading should be 
approximately IV. Trigger the extension monostable, 
as before, and operate the microswitch every couple of 
seconds or so. Ensure that there is a gradual increase 
in the meter reading. 

Note that it may be necessary to re-trigger the 
extension •monostable because its time period could 
have elapsed during this- check. Momentarily short 
out C24 again and check that the meter reading falls 
once more to about IV. . 
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LEARNT THRESHOLD SCHMITT 

Connect the meter now to the collector of TR46 and 
set VR6 wiper about midway. The reading on the 
meter should be near zero. Operate the microswitch 
occasionally and apply a simulated load from time to 
time. Ultimately the meter will indicate that the 
learnt threshold Schmitt has triggered. 

Naturally, it is a matter of choice as to the point in the 
summation curve where one wants this Schmitt to 
trigger, but a sensible arrangement would be to have 
the summer integrate about ten or eleven pulses before 
this occurs. It is simple to control this factor by varying 
the setting of VR6. 

FINAL CHECK 

If everything checks out remove the meter and 
short out C24 again to make sure EMMA forgets all 
about our unbridled inquisition of her internal parts. 
Set EMMA down on the floor once more and make this 
final check! 

Place a fairly heavy book on EMMA’s back and 
operate the microswitch periodically. After a time 
(that will probably seem like an eternity) EMMA will 
carry the load under reduced power supply conditions. 
The easiest way to maintain the low supply state for a 
while is to clip a clothes peg across the microswitch and 
so hold the operating button depressed. 

Remember that EMMA’s batteries don’t last forever, 
so do start off with fresh ones. A heavily loaded 
supply on its “last legs” may make it virtually 
impossible to set up the monitoring circuits for reliable 
operation. 

FINAL EMMA 

You may have every reason to say “All this just to 
have a heap of electronics and metalwork behave in this 
odd fashion.” But that is the very point, it is just a , 
heap of electronics and metalwork—not a living 
creature! Crude though she may be EMMA definitely 
shows certain preferences and can learn that some 
actions are worth the trouble while others are not. 

To demonstrate that a machine can have a kind of 
self preservation awareness, we have cheated a little by 
playing around with the power supplies used. The 
reason though is valid because had we employed, say, 
re-chargeable nickel cadmium cells it would have been 
virtually impossible to see EMMA exhibit this new 
ability. 

However, there is no reason why a keen Bionics 
man should not attempt an even more ambitious 
scheme—after all there is a machine in existence which 
can go and plug itself into the nearest 13 amp socket 
when it feels peckish! 
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It’s only a year since we launched the record selling S54 


Now we introduce the S54A 


.. a single beam oscilloscope with a sensitivity of lOmV/cm 
at 10MHz bandwidth 


The S54A is an all solid state oscilloscope developed from the S54. Smartly styled yet ruggedly built, the 
S54A has a wide application in field work, in the laboratory and in production line testing. Look at the features: 


^ 10MHz Bandwidth at 10mV/cm 
3|£ All Solid State Design 

# Small Size — Light Weight 

* FET Inputs 


^ Versatile Triggering including T.V. Line 
and Frame Sync. 

6x1 Ocm. Viewing Area 
% Built-in Voltage Calibrator. 


At £120 you will find no other oscilloscope of its 
type which offers such features at such low cost. 
Write or phone for full specification NOW! I I I 
Telequipment Limited, 313 Chase Road, Southgate, I 
A member of the Tektronix Group. For Overseas i 


[ Telequipment 

>ndon, N.14. Telephone: 01 -882 1166. Telex: 262004. 
lquiries write to: Tektronix Ltd., P.O. Box 48, Guernsey, C.l. 
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RADIO EXCHANGE LTD 


TRANSISTOR RADIOS 
TO BUILD YOURSE 

Backed by after sales service 


NEW! roamer eight mk 1 

WITH VARIABLE TONE CONTROL 


ecu £6.19.6 


roamer seven 
mk IV 


NEW! 


transeight 

SIX WAVEBAND 
PORTABLE WITH 
lin. SPEAKER 

Attractive cat- — 

red grille and < 


Total building coats 

89/6 %y 
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1MRKET 
I PIHCE 


universal two-in-one vice and base. 

Called the Multi-Mini Twin, it 
features two sets of adjustable jaws, 
which can be set to any angle up to 
360 degrees. The advantage of this 
arrangement is that any two separate 
components can be held in any 
desired position. It should be in¬ 
valuable for the home workshop as a 
drilling jig, clamp for gluing or 
soldering, or as a table-top camera 
tripod. 

Full details of the Multi-Mini 
Twin (price £5 18s) and a standard 


tors, transistors,< lamp, and light 
dependent resistor are mounted on a 
plastics base with threaded brass 
fixing pillars. Also included is an 
earphone, ferrite cored coil, nuts, 
bolts, washers and box spanner. 

All experiments when completed 
are working models and projects 
include a transistor radio, burglar 
alarm, morse code practice oscillator, 

The Radionic X30 retails for 
£7 19s 6d, including tax, and is 
available from electrical shops and 
some toy departments of large stores. 


TURNTABLE KIT 

Something new for the audio fan is 
the Connoisseur BD1 belt drive 
turntable kit from A. R. Sugden & Co. 
(Engineering) Ltd., Market Street, 
Brighouse, Yorkshire. 

It is claimed the kit can be 
assembled by the constructor within 
the hour and the only tools required 
are a small screwdriver, a pair of 
pliers and a spanner. No soldering 
is necessary. 

The turntable operates at 33i and 
45 r.p.m. and the use of a belt drive 
system is claimed to reduce vibration 
and transmission noise to a minimum. 
The turntable is of non-ferrous 
aluminium casting and speed change 


Multi-Mini Twin from Coventry 
Movement 

is carried out manually by shifting 
the belt on the pulley, eliminating 
mechanical linkages. 

The turntable works from the 
mains, 200/240V a.c., and the rumble 
is claimed at — 60dB when referred to 
a,velocity of 70cm/sec at 1 kHz. Hum 
level is -80dB and wow and flutter is 
less than 0-1 per cent. The motor used 
is a slow speed synchronous type 
running at 375 r.p.m. at 50Hz. 

The price of the BDI kit is £9 9s 
plus tax. A plinth, dust cover lid 
and a SAU2 pick-up arm is available 
as extras. 

UNIVERSAL VICE 

Recently we mentioned a work¬ 
shop base and workholder; now we 
have received brief details of a 


Connoisseur BDI turntable kit marketed by A. R. Sugden <£ Co. 


Multi-Mini can be obtained from The 
Coventry Movement Co., Ltd., Burn- 
sail Road, Coventry. 


CONSTRUCTION KIT 

A series of 30 experiments aimed at 
gradually increasing the beginner’s 
understanding of radio and electronic 
circuits is contained in the Radionic 
X30 constructional kit from Radionic 
Products. 

The kit consists of a special printed 
circuit board and a complete instruc¬ 
tional manual for all projects; plus a 
section on fundamentals of electricity 
and electronics. The resistors, capaci- 


PR1NTED CIRCUITS 

Many readers may be interested to 
learn that P.H. Electronics are now 
producing printed circuit boards of 
some of the past constructional 
articles published in Practical Elec¬ 
tronics. 

The board is drilled and roller 
tinned and an instruction sheet is also 
included. The instruction sheet 
contains only minimum information 
and purchasers of boards are referred 
to the relevant issue of the magazine. 

Further details of the boards 
available and prices can be obtained 
from P.H. Electronics, Sandwich 
Industrial Estate,, Sandwich, Kent. 
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SELECTION FROM OUR POSTBAG 





> dealt with on the telephone. 


Component 

supermorket 


Sir—As many readers will have 
noticed, the Mecca of London based 
enthusiasts, Tottenham Court Road, 
has recently become the home of 
showrooms for expensive ready-made 
gear, several cinemas showing “adult” 
films and an avant-garde theatre. 
While not wishing to decry these 
innovations, the inevitable long term 
result of Tottenham Court Road 
becoming a part of “swinging” 
London will be a rise in property 
values, which will drive away and 
disperse the component shops. 

This is a threat, but also a 
challenge. After all, is there any real 
reason why an electronics super¬ 
market, with stands from all the main 
suppliers, couldn’t be established? 
Maybe under the trilateral leadership 
of the electronics magazines, the 
learned societies and commercial 
interests. 

It may sound like an impossible 
dream now, but if such a venture 
could be established, not only would 
it prove highly lucrative but, by 
encouraging our vital hobby, the 
electronics industry and also the 
whole nation would gain through an 
increased awareness of electronics. 

S. H. Hertz, 
London, N.3. 


We suspect there will be some dis¬ 
agreement concerning the actual loca¬ 
tion of the component seekers' 
“mecca”. Some enthusiasts might 
plump for Lisle street!—Ed. 


Liquid etchant 

Sir—Several younger constructors 
have asked me from tithe to time 
what the liquid is that is used to etch 
printed circuits; often they have 
bought a printed circuit kit, and the 
etchant is used up first. 

A recent article described an 
excellent solution made up of several 
fluids, one of which was dilute 
hydrochloric acid. This solution was 
in fact the classical circuit etchant, 
but I now find that in some areas 
chemists will not sell dilute acid to 
younger persons, or do not stock it in 
any case. 

I feel, therefore, that it may be of 


value to tell them through your 

columns that there is a very good 
etchant available through any 

chemist, under the pharmacist's name 
of Liquor Ferri Perchloridi. The 
British Drug House sells this in 
convenient 500ml bottles, for a few 
shillings. 

There are two points to watch, 
however; the first is that it makes an 
excellent dye for clothing. The 

second is that, diluted with water, it 
is sometimes used as an “iron tonic”, 
and the buyer must therefore be 
careful to obtain the concentrated 
variety (ask for “fort”), and to keep 
it well away from any medicine 

cupboards. 

The compound formed with copper 
is a heavy black precipitate, and it is 
therefore necessary to agitate the 
circuit panel in the solution for up to 
10 minutes to ensure even etching. 

J. Anderson, 
Macclesfield, 
Cheshire. 

There is another point that should 
be remembered: this solution contains 
an appreciable amount of acid and so 
should be handled with care. In 
particular, it must NOT be poured 
down the sink, especially if the 
plumbing is copper.—Ed. 


Too ambitious? 

Sir—Since the August issue of Prac¬ 
tical Electronics was published 1 
have felt that your magazine has been 
catering for the more ambitious of your 
readers, and is paying little attention 
to the man with a limited amount of 
time and money. This has been 
verified by the list of constructional 
projects in the November 1969 issue. 
All these projects (except perhaps the 
l.C. Basic Amplifier) are costly and 
time consuming. 

Bring back ones like the Homecom, 
the Electronic Stockmarket or the 
beginner’s projects! 

E. W. Lawson, 
Glasgow. 

We have a very wide reader- 
ship, and interests vary considerably. 
Certainly you can expect to see more 
basic projects in.the future, and articles 
specially designed for the beginner will 
be featured from time to time.—Ed. 


Nematic crystals 

Sir—I was pleased to find an article 
on Conductive Glass by F. J. Stone in 
your November issue. It must be 
very many years since I came across a 
really, constructive project such as 
this (do-it-yourself is so cut and 
dried these days), and it is quite a 
thrill to get back to something 
requiring dexterity and luck for a 
sense of achievement. 

The Variable Transparency window 
is particularly interesting, and 1 
should like to construct one as a 
project with a group of the Merton 
Science Society. Unfortunately, Mr 
Stone does not tell us how to make a 
nematic liquid or how high a potential 
must be applied across a iin thick¬ 
ness of liquid. Perhaps you could get 
him to pass on this vital information. 

By the way, according to the 
precautions which he quite rightly 
warns us about, he says that tin is 
poisonous, but surely tin is harmless 
otherwise how is it that all our food 
is kept in tin cans? 

George E. Dunning, 
Morden, 

The only nematic liquid crystal 
known to me is one referred to in the 
October 31, 1968 edition of the New 
Scientist, page 260, "Trends and Dis¬ 
coveries”, “Lining up Dye Molecules to 
Switch Light Colours”, which effect I 
referred to in my article. This uses 
methyl red dye in a 0-1 to I -0 per cent 
(by weight) solution in the host liquid 
crystal, P-N Butoxy Benzoic Acid, with 
the glass plates about 12 micrometres 
apart. 

The above named liquid is, as I expect 
most others are, not so readily avail¬ 
able. It is one thing to know the name 
of a substance, but it is another thing 
altogether to obtain it. There are 
more liquids in this general group 
which exhibit this or similar effects. I 
am sorry I cannot provide any further 
information regarding the availability 
of nematic liquid crystals.—F.J.S. 


Glass centre 

Sir—I was most interested to read 
F. J. Stone’s article on Conductive 
Glass in November 1969 Practical 
Electronics, but do not feel I can 
cope with the experiment of making 

Do you think if I advertised in 
your miscellaneous column a supplier 
could be found? 

When I enquired at the "glass 
centre” at the Building Exhibition, no- 
one appeared to have a clue. Accord¬ 
ing to Stone’s article, the Russians 
appear to have it, so where are we in 
this research? 

Perhaps I have not done enough 
reading outside electronics and 
Pilkington and Triplex have the 
answer. 

Leslie D. E. Light, G3KDL, 
Wembley, 
Middlesex. 
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, MARCONI CT44/ 
TF956 AF 
ABSORPTION 
WATTMETER 


SOLARTRON CD. 1016 OSCILLOSCOPE 







LAFAYETTE HA.800 SOLID STATE 
AMATEUR COMMUNICATION RECEIVER . 
SIX BANDS 3.5-4, 7-7.3, 14-14.35,2 " 
28-29.7, 50-54 Mc/s. 






RCA COMMUNICATION 
RECEIVER AR88D 

Latest release by ministry BRAND NEW in 
original cases. 110-250V a.c. operation. Fre¬ 
quency in 6 Bands. 535Kc/s-32Mc/s continuous. 
Output impedance 2-5-600 ohms. Incorporating 
crystal filter, noise limiter, variable BFO, variable 


LAFAYETTE PF-60 SOLID STATE VHF FM RECEIVER 

completely new transistorised receiver covering , 
^'rateiTjNTEGRATE^cT 
Jput. ^Headphone jack. ^Operatioi 


SsS* 




COSSOR 1049 DOUBLE BEAM 
OSCILLOSCOPES 

?rder?° lkc,8 ^ Per,ect 


AM/FM SIGNAL GENERATORS 



R. 19-165 Mc/s. Excellent condition. II 































































G.W.SMITH & G0.( mS®) LTD 

3, LISLE STREET, LONDON, W.C.2 Tel: 01-437 8204 
34, LISLE STREET, LONDON, W.C.2 Tel: 01-437 9155 
311, EDG WARE ROAD, LONDON, W.2 Tel: 01-262 0387 

OPEN 9-6 MONDAY TO SATURDAY (EDGWARE ROAD 1/2PAY THURSDAY) 






















































































































ELECTRONIC ffij 

PJgjv 

* COMPONENTS 




goMTmciM "i'H? 

"sr BWBBBBfWffl ss 



i9 t fet s r- 

25+6'9 100+5'9 


25+13'- 100+11'- 


^ r ;g RYe d Ga "™ i «" S,l,,de 

29'6 each. (Incl. data) 


BC107/8/9 


2'9 

^L 40 ^ 49 ? 

HHr- 

400piv 6amp 37'6 



25+4'11 100 i 4 / 3 


?sa 


4'9 


srs 

KH-T-MSr,... 


NPN PLANAR V- 
’25+1'B 100+1'B 



SILICON RECTIFIERS -* 



mf-?; in 



THYRISTORS-SCRs 


l * £ 

* !w ^ 


NEW SPECIAL ITEMS!! 

Ue, •'■SS 

'X2SS2& 8S 

“■“SS 
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t&Z&EL 


MODEL 15 


MICRO 

SOLDERING 

INSTRUMENT 


• EXTREME VERSATILITY 

Range of 8 interchangeable bits, 
from 3/64' (.047') to 3/16', including 
new non-wearing PERMATIPS. 


• ULTRA-SMALL SIZE 

Length 7*'. Weight * oz. 
Max. handle dia. 7/16'. 


• EXTRA-HIGH PERFORMANCE 

Heating time 90 secs. Max. bit temp. 
390°C. Loading 15 watts — equals 
normal 30/40 watt iron. 


• ALL VOLTAGES 


The ADAMIN range includes five other 
models (5, 8,12, 18 and 24 watts), Ther¬ 
mal strippers (PVC and PTFE) and a 
De-Soldering Tool. Please ask for 
colour catalogue A/37. 


LIGHT SOLDERING 
DEVELOPMENTS LTD. 

2S Sydenham Rd., Croydon, CR9 2LL 
Telephone 01-688 8589 & 4559 


VALVFQ SAME DAY SERVICE 

V NEW! TESTED! GUARANTEED! 



KE S'. SK IlilS Z SStHi 8S5? SIS 

READERS RADIO (P.E.) 

85 TORQUAY GARDENS, REDBRIDGE, ILFORD, 
ESSEX. Tel. 01-550 7441 


v»lvo extra. Any Parcel Injured against Damage in Transit 6d. extra. 


SAVE TIME- 

MAKE MONEY 

with Practical Electrical Engineering 

This complete library of electrical know-how and 
practice will give you the knowledge which normally 
takes a lifetime to acquire. It will help you to under¬ 
stand the many branches of the electrical industry from 
installation, equipment, instruments, motors and machines, 
repair, maintenance and operation right through to the 
generation and distribution 
of electricity. 2,350 pages— 
over 2,000 photos and draw¬ 
ings. Examine this valuable 
set in your home. Post 
coupon now — there’s no 
obligation to buy. 

Sent by post on 10 days 

FREE TRIAL 



I . — Buckingham Press Ltd., P.O. Box 14, Ga 
Aylesbury, Bucks. 

■ Please send Practical Electrical Engineering withoi 
buy. I will return the books in 8 days or post— 

_ Tick (v) P Full cash price of £16, or _ 

I here D 16/- dep. and 16 monthly payments < 
£16.16.0. 

| If you are under 21 your father must fill up t 


| Full Name. 


(BLOCK LETTERS) 
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prepare now 
for tomorrow's 
world 

Today there is a huge demand for technologists 
such as electronics, nuclear and computer systems 
engineers, radio and television engineers, etc. In 
the future, there will be even more such important 
positions requiring just the up-to-date, advanced 
technical education which CREI, the Home Study 
Division of McGraw-Hill Book Co., can provide. 
CREI Study Programmes are directly related to the 
problems of industry including the latest tech¬ 
nological developments and advanced ideas. The 
individual tuition given by the CREI panel of 
experts in each specialised field is comparable in 
technological content with that of technical 
colleges. 

Take the first step to a better job now — enrol with 
CREI, the specialists in Technical Home Study 
Education. 

CREI Programmes are available in: 

Electronic Engineering Technology * Industrial Electronics 
for Automation * Computer Systems Technology * Nuclear 
Engineering * Mathematics for Electronics Engineers afc 
Television Engineering * Radar and Servo Engineering *■ 
City and Guilds of London Institute: Subject No. 49 and 
Advanced Studies No. 300. 

\ CREI (London), Walpole House, 
CREI) 173-176 Sloane Street, London S.W.1. 

S A Subsidiary of McGraw-Hill inc. 

Post this coupon today for a better future 


j To C.R.E.I. (London). Walpole House, 173-176 Sloane Street. London S.W.1. | 
Please send me (without obligation) details of your Educational Programmes | 

please tick 

My interest is City and Guilds □ General □ 

Name. | 

Address. I 

. I 

Electronics experience. I 



VARI-STAT 

THERMOSTATIC 

SOLDERING IRON 


HIGH PRODUCTION MINIATURE 
MODEL D. 50 WATT 


Heating time 50 seconds 

Bit Sizes . . 1/16", 3/32", 1/8", 3/16", 1/4" 

Nickel or Iron Plated 

Voltage 250 to 12 volts 

Price .66 


HIGH PRODUCTION INSTRUMENT 
MODEL H. ISO WATT 

Weight 6 oz. 

Heating time 1 min. 45 sec. 

Bit Sizes . . 3/16", 1/4", 3/8", 7/16" 

Nickel or Iron Plated 

Voltage 250 to 24 volts 

Price .95/- 


OTHER VARI-STAT IRONS: 


II 


Miniature Model M50 watt Push-in Bits 1/32" 
1/16", 3/32" 

Instrument Model B 70 watt Bit Size 11 /64" 
Industrial Model I 500 watt Bit Size 5/8" 

CARDROSS ENGINEERING CO. LTD. 

Woodyard Road, Dumbarton 

Phone: Dumbarton 2655 



Practical Electronics January 1970 
























BI-PRE'PAK 


LIMITED 



mu t k t eJ) m mam m 


TRY OUR X PAKS FOR 
UNEQUALLED VALUE 


Silicon TO-18 CAN type tr 
BSY27/29. BSY95A. 


POST & PACKING 2/6 U.K. 


OA202, BAYS I-39 and DKIO, ei 


POST & PACKING 2/6 U 


QUOTED PER P) 


PNP SILICON PLASTIC 
ENCAPSULATION 
SPEC:— 

ICER AT VCE = lOv 
HFE 10-200 

THESE ARE OF THE 
2N3702/3 AND 2N4059/62 


i PACKS SUSPENDED 


1/- EACH 

TYPE C 

NPN SILICON 


THE BC108/109 TYPES 


T NEW UNMARKED UNTESTED 

PAKS 

- 

12 

Integrated Circuits, Data 
supplied with orders’ 

10/- 

1 B80- 

8* 

Dual Trans. Matched O/P 

pairs NPN. Sil. in TO-5 ca 

7107- 

1 B8 2 

10 

OC45, OCBID and 

OCBrTrans. Mullard 

10- 

l 683 

W 

Trans, manufacturer’s rejet 

all types NPN, PNP, Sil. a 

sW- 

■ 884 

100 

equiv. to OA200, OA202 

'0- 

■ 866 

150 

High quality Germ. 

10- 

■ 888 

50 

Sil. Diodes sub. min. 

IN9I4 and IN9I6 types 

10/- 

u 

100 

fo*SoKocS?oai! v ;t 

J0 /- 

1 

50 

Sil. Trans. NPN, PNP, 

equiv. to OC200/I, 
2N706A, BSY95A, etc. 

10/- 

B60 

10 

7 Watt Zener Diodes 

Mixed Voltages 

W- 

| H5 

16 

1 Amp. Plastic Diodes 
50-1000 Volts 

io- 

A 

40 

250mW. Zener Diodes 

DO-7 Min. Glass Type 

10- 


62 4 

|f 

l! 

10/- 

877 2 

AD 161-AD 162 NPN/PNP 

10/- 

B79 4 

IOoTp.Lv': rr m p Di Ai“.tur. 

10/- 

681 10 

and'smaM miX ' d 

10/- 

B89 2 

L^ght l Res. t 4(5> o'Dark* M 11 

10/- 

B9. g 

^u7v'“ / nt 6 . d o P OC«, e OC« 0 ' 

5 10/- 

B99 4 

BSX2&2N2369 500 MHz. 

10/- 

B93 5 

ACYI^YpN'p'airm.' 0 

10/- 

B* 4 6 


10/- 

B96 5 

2N3I36 PNP Sil. Trans. 

TO-18, HFE 100-300 I.C. 
600mA. 200 MHz 

10/- 

B98 |0 

ac^ocbV/s:' to 

10/- 

899 200 


nJO/- 

k H4 250 

PacTi d ng R !/ 5 - S ' 0rS ' P °“ Snd 

10/- 

RETURN OF THE UNBEATABLE P.l 

I PAK. 


NOW GREATER VALUE THAN EVER 


PRINTED CIRCUIT PANELS. IDENTIFICATION 
CHART SUPPLIED TO GIVE SOME INFORMA¬ 
TION ON THE TRANSISTORS. 


» a Rev. Counter for your Car. The 

'TACHO BLOCK’. This encapsulated block 
will turn any 0-1 mA meter into a linear 
and accurate rev. ~ ~ 
counter for any car. 


20/"each 


FREE CATALOGUE AND LISTS 
for: — 

ZENER DIODES 
TRANSISTORS, RECTIFIERS 
FULL PRE-PAK LISTS 
& SUBSTITUTION CHART 


MINIMUM ORDER 10/- CASH WITH 
ORDER PLEASE. Add 1/- post and packing 
per order. OVERSEAS ADD EXTRA FOR 
AIRMAIL. 


MULLARD DATA BOOK 

Semiconductor and Valve 
Data and Equivalents. 

Postage 6d. EACH 


3/6 


FREE! A WRITTEN GUARANTEE WITH ALL OUR TESTED SEMICONDUCTORS 


mmm . mw m dept a. 222-224 west road, westcliff-on-sea. essex 

LI TELEPHONE: SOUTHEND (0702) 46344 
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DUXFORD ELECTRONICS 

ELECTROLYTIC CAPACITORS (Mallard).-10% to + 50%. 

Working Voltage (V)—Capacitance (uF) Price Pack Prices 

-4V 6 4V 10V 16V 25V 40V 64V each 10 off 25 off 100 off 
3« 6-4 ^4 2-5 1-6 1 (L64 1/4 12/4 29/9 88/9 

RE8ISTORS ^ ^ 

Dimensions (nun): Body: IW; 8^:- 2-8^ 


125 100 64 40 25 16 10 1/- 8/9 18/9 68/6 

400 320 200 125 80 50 32 1/8 10/4 22/6 77/9 

800 640 400 250 160 100 64 1/6 18/4 29/6 108/9 

2)000 1,600 1,000 640 400 250 160 2/6 *21/8 44/8 165/6 

3,200 -,500 1,600 1,000 640 400 -50 8/^ 26/9 2M/8 

1,250 800 500 6/6 57/8 125/4 427/- 

10% ranges: 10 Ohms to 10 Megohms (R12 Renard Series). 

5% ranges; 4-7 Ohms to 1 Megohms (E24 Renard Series). 

II '3 % 'K 

“a/a” *io/4 H 

8/8 18/10 

iS’400 4'000 2’500 if/ 188/4 w!\ 1000/ 

P0LYE8TER CAPACIT0R8 (Mallard) 

Tubular, 10%. 1MV: ^ ^ ^ 

SEMICONDUCTORS 

|| | I' | 

166/8 

0 033, 0 047 7d 5/8 11/10 87/8 

0-068 8d 6/6 18/6 43/9 

AF117 2/6 18/9 «j 

i8|j ) , 

0*22 1/^ 8/2 17/9 61/5 

0-33 1/8 10/11 28/8 77/1 


Si 

0-68 2/8 19/5 42/8 140/7 

aaov 2/8 28/4 48/9 165/7 

BY236 8/8 M/8 61/j 

i 208/4 

218/9 

Prices per Capacitance value (^F) io ff 00 ff 

ill jji |- si 

399 - 


§T |: i 

133/4 

0 047 9d 6/7 14/5 49/- 

0068 lid 7/8 16/7 51/- 

0025 6/- 45/- 108/ 

0O>8 9 - 87/6 162/ 

399/® 

0-15 1/2 10/8 22/- 74/- 

022 1/6 14/8 28/5 95/10 

0 33 2/8 19/7 42/8 140/7 

OC35 6/- «/- 108/ 

OC45 2/6 S/9 45/ 

199/6 

Prices per Capacitance value (/iF) g ’ ^ 100 ff 

OC75 2/4 17/6 42/ 

155/4 

0 033°,0 2 047 8d f III 12/10 48/9 

0-1 9d 6/9 14 9 51/- 

0 22 1 U S/9 lS/il g ; S 

OC139 > 8/4 25/- 60/ 

OC171 2/6 18/9 45/ 

2N2920 ^ 2/8 20/- 48/ 

166/3 

0-47 1/8 14/8 81/0 107/10 

0-68 2/8 19/10 43/2 146/9 

CAPACITORS 

S!/S i S.. p ' , ' y " tel mni ’ Mo ' lu,iir lor p -°- , "' >u “‘ 1 " 8 ' H “"' e 1,0X5 re,l “ e " c ' ,I) “ ul ' ,t,i '’"' 

Prtees^-per Capacitance value (jxF) ^ # ^ ^ ^ ^ 

p?S? tor8(6A) stud ,nountiug - i>3 o 

100 V ' 's? «0/- 144° 

X ll t nit 270} 

VEROBOARD & ACCESSORIES 

SlSn bfatrix J^ff 10^0 

;■ S|= 

JfL, « . JL. JL„ Jl 

*£ ; 5 S || 

0 80/9 

0 i |0/9 

470! 22 660 2/ °680?’ X,’ 1,000, M M/ 

1,500 .... 6d 4/- 8/8 26/8 

Pin fitting tool^ r fj* (per *>5 off) 


So 8 ' 200 ’ 10 ' 000 ’ 16 ’. 000 Sd «/» ll/- 46/4 

SEND S.A.E. FOR 1969 CATALOGUE 

POTENTIOMETERS (Carbon) 

Miniature, fully enclosed, rear tags, carbon brush wiper, Long Life, low noise. Body dia, 
Jin. Spindle, lin x Jin. iW at 70°C. ±20% below JM, ±30% over 1M. Lin. 100 Ohms 
to 10 Megohms. Log. 5 Kohms to 5 Megohms. 10 ff 1(>0 

DUXFORD ELECTRONICS (PE) 

GANGED STEREO POTENTIOMETERS (Carbon) 

97/97A MILL ROAD, CAMBRIDGE 

Logarithmic and^Linear: 5k + 5k to 1M + 1M. ^ ^ ^ ^ 

Telephone: CAMBRIDGE (0223) 63687 


(Visit us-at our new Mail Order, Wholesale and Retail Premises) 

Megohnu'(linear Pj! 

MINIMUM ORDER VALUE 5/ 


MStar?(0°3W) C Tal ”' . .. tf- 1 Sit n W» 18 68/8 

Subminiature (0-1W) .. .106 7/1 14/7 48/8 

C.W.O. Post and Packing 1/6 
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Air Traffic Control Service 




















































BATTERY ELIMINATORS 
























































EDUCATIONAL 


SITUATIONS VACANT 












































SITUATIONS VACANT (continued) 


GEC-Marconi Electronics 


ELECTRONIC 

TECHNICIANS 

are required to work on calibration, fault-finding and testing of 
telecommunications measuring instruments. The work is varied 
and will enable technicians with experience of r.f. circuits to 
broaden their knowledge of the latest techniques employed in 
the electronics and telecommunications industries by bringing 
them into contact with a wide range of the most advanced 
measuring instruments embracing all frequencies up to u.h.f. 

Entrants may be graded as Testers, Test Technicians, Senior 
Test Technicians and Technician Engineers according to experi¬ 
ence and qualifications. Our expanding production and servicing 
programme, geared to our recognised export achievement, 
provides security of employment combined with good prospects 
of advancement, not only within these grades, but into other 
technical and supervisory posts within the Company at St Albans 
and Luton. 

Salaries are attractive and conditions excellent. A Pension 
Scheme includes substantial life assurance cover provided by 
the Company. Assistance with removal may also be given in 
appropriate cases. Please write or telephone for application 
forms to: 


Mr. P. Elsip, 

Personnel Officer, 

Marconi Instruments Ltd, 
Longacres, St. Albans, Herts. 
Tel: St. Albans 59292 

Member of GEC-Marconi Electronics 




RECEIVERS AND COMPONENTS 


R & R RADIO 

51 Burnley Road, Rawtenstall 
Rossendale, Lancs 
Tel.: Rossendale 3152 

VALVIS BOXED,TESTED & GUARANTEED 



ARE YOU HAVING DIFFICULTY in obtaining 
the components you require? We specialise in 
the supply of many thousands of types. Send 
your requirements with S.A.E. for return post 
quotation. Also three 13A scopes at £17 10s. 
E.A.R., 10 Sycamore Avenue, Cattedown, 
Plymouth, Devon. 


PRINTED CIRCUIT BOARDS for P.E.^PROJECTS 

EXAMPLES | ^ .7 2/9d. .Ad' Si . 


. ELECTRONICS, 


i is , , n 7 d “* tr 


TO HELP THE HOME CONSTRUCTOR. 

Heathkit now make available our surplus 
Resistors, Capacitors, etc. at Bargain Prices. 
Send for lists. E. MOYLE, Daystrom Ltd., 
Gloucester. 


RECEIVERS AND COMPONENTS 

(continued) 


TAPE HEADS 




TUNER ggj-g VS^oJSyat £23 



FM MULTIPLEX STEREO ADAPTOR 


LOUDSPEAKERS 

GUITAR, P.A., or HI-FI 

12* 25 watt, 15 ohm, 25-13K, Ceramic £5.7,0 


CERAMIC-' ’ 49/6 | 2! “o°X. 6/6 

SPEAKER CABINET £8 


Ht ke 21*?W° r i5*, D P< 7r. r Polished Teak, matching 

CAIMT ^32^^ 89/6 

RELAYS H/- 


TWEETER ™;\o: aU 19/6 
CROSSOVER NETWORK | 5/ . 

3kc/ J ,.J6or. 3 _o,_S oh n L _L 




DURHAM SUPPLIES 


367 KENSINGTON STREET 
BRADFORD 8, YORKSHIRE 


NEW VHF KIT 
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OVER 3 MILLION SILICON ALLOY ^^ERM^ TRANSISTORS AVAILABLE FOR 

1/- TESTED TRANSISTORS 1/- 

lllFi 
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TRANSISTOR EQVT. BOOK 
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QUALITY PLUG-IN MODULES 



2 ,M '" z 

SSSSiF^^^' 0 - > to M9 - ?: 

S A DABAr' ELECTRO NIC PRODUCTS (Dept. 4) 

9 Vastssr 


MAJOR £8 



DO GARAGE BILLS 
MAKE SENSE? 

sas^ar 
'HH“S 
































































VALUABLE NEW HANDBOOK 



ID AMBITIOUS 



Have you had your copy of “ Engineering Opportunities ” ? 


edition of “ENGINEERING OPPOR¬ 
TUNITIES” is now available—without charge— 
to all who are anxious for a worthwhile post in 
Engineering. Frank, informative and completely 
up to date, the new “ENGINEERING OPPOR¬ 
TUNITIES” should be in the hands of every 
person engaged in any branch of the Engineering 
industry, irrespectiveofage, experience ortraining. 

On ‘SATISFACTION OR 
REFUND OF FEE’ terms 

This remarkable book gives details ofexaminations 
and courses in every branch of Engineering, 
Building, etc., outlines the openings available and 
describes our Special Appointments Department. 


THIS BOOK TELLS YOU 

★ HO W to get a better beid. mere interet 

★ HO W to qualify for rapid promotion. 

★ HOW to put some letters after your na ,r 

—i l. - B a k e y man . # . quickly an 
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